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s volume takes the place of the author's Lessons in Botaut 
AND Tbqetable Phvsiolooy, published over a quarter of a cen- 
tury ago. It is constructed ou the same liues, and is a kind 
of new and much revised edition of that successful work. While 
in some respects more extended, it is also more concise and terse 
than its predecessor. This should the better fit it for its purpose 
now that competent teachers are common. They may in many cages 
develop paragiaphs into lectures, and fully iUustrate points which 
are barely, but it is hoped clearly, stated. ludeed, even for those 
without a teacher, it may be that a condensed is better than a 
diffuse exposition. 

The book is adapted to the higher schools, " How Plants Grow 
and Behave " being the " Botany for Young People and Common 
Schools." It is intended to ground beginners in Structural Botany 
and the principles of vegetable life, mainly as concerns Flowering 
or Phanerogamous plants, with which botanical instruction should 
always begin ; also to be a companion and interpreter to the Man* 
uals and Floras by which the student threads his flowery way to 
a clear knowledge of the surrounding vegetable creation. Such a 
book, like a grammar, must needs abound in technical words, 
which thus arrayed may seem formidable ; nevertheless, if rightly 
appiehended, this treatise should teach that the study of bot- 
any is not the learning of names and terms, but the acquisition 
of knowledge and ideas. No effort should be made to com- 
mit technical terms to memory. Any term used in describing a 
plant or explaining its atnii'ture cJin be looked up when it is 
wanted, and that sliuulil sufliee. Uii tlie other hand, plans of 
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structure, types, adaptations, and modificatiotis, once undeiBtood, 
are not readily forgotten ; and they give meaning and interest to 
tlie technical terms used in explaining them. 

In thene " Elemeots " naturally no mention has been made of 
certain terms and names which recent eryptogamioaUy-minded 
botanists, with lack of proportion and just perspective, are en- 
deavoring to introduce into phaneri^moua botany, and which are 
not needed nor appropriate, even in more advanced works, for the 
adequate recognition of the ascertained analogies and homologies. 

As this volume will be the grammar and dictionary to more than 
one or two Manuals, Floras, etc., the particular directions for pro- 
cedure which were given in the " First Lessons " are now relegated 
to those works themselves, which in tbeir new editions will pro- 
vide the requisite explanations. On the other hand, in view of 
such extended use, the Glossary at the end of this book has been 
considerably enlarged. It will be found to include not merely the 
common terms of botanical description but also many which are 
unusual or obsolete ; yet any of them may now and then be encoun- 
tered. Moreover, no small nnraber of the Latin and Greek words 
which form the whole or part of the commoner specific names are 
added to tliis Glossary, some in an Anglicized, others in their Latin 
farm. This may be helpful to students with small Latin and less 
Greek, in catching the meaning of a botanical name or term. 

The illustrations in this volume are largely increased in number. 
They are mostly from the hand of Isaac Sprague. 

It happens that the title chosen for tliia book is that of the 
author's earliest publication, in the year 183fi, of which copies are 
rarely seen ; so that no iuconvenience is likely to arise from the 
present use of the name. 

ASA GRAY. 

CAUBBIDOR, KABBAOBDSETra, 

ManJt, 1887. 
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Section I. INTKODUCTORY. 

1. BoTAMT is tUe nfttne of the science of the vegetable kingdora in 
I genera]; tliat is, of plants. 

S. Plants ma; be studied as to their kinds and relationships. This 

' Btud; is Systematic Botast. An enumeration of the kinds of vegetables, 

s far as known, classified according to their various degrees of resemblance 

ir difference, constitutes a general Sj/sU«t of planra. A similar account of 

the vegetables of any particular conntrj or district is called a Flora. 

. Plants may he studied as to their stmcture and parts. This is 
I Stbuctubal BoTiNT, or Organography. Tlie study oE the organs or 
, pari.s of plants in regard to the different forms and different uses which 
E kind of oi^an may assume, — the comparison, for instance, of 
^ B flower-leaf or a bud-scale with a cominon leaf, — is Vegrtable Mob- 
FBOLOGY, or MOBPHOLOGICAJ. Botany. Tlie study of the minute structure 
of the parts, to learn by the microscope what they themselves are formed 
of, is Vegetable Akatomt, or Histology-, in other words, it is Micro- 
scopical StruotuTal Botany. Tlie study of the actions of plants or of their 
parta, of tlie ways in which a plant Uvea, grows, and acts, is the province 
of Phtsiologccal BoTiSY, or Vegetable Physiology. 

i. This book is to teacli the outlines of Struntnral Botany and of the 
simpler parts of the physiology of plants, that it may be known how 
plants are constmotei and adapted to their surroundings, and how they 
live, move, propagate, and have their being in an existence no less real, 
although more simple, than that of the animal creation which they support. 
Particularly, this bsAis to teach the principles of the atrnctnre and rela- 
tionships of plants, the nature and names of their parts and their modifica- 
tions, and so to prepare for the study of Systemafic Botany ; in which the 
learner may ascertain the name and the place in the aysfem of any or all 
of the ordinary plants within reach, whether wild or cultivated. And in 
ascertaining the name of any plant, the student, if rightly taught, will come 
to know all about its general or particular structure, rank, and rehttionsbip 
I to other plants. 



3 The vegetable kingilom is so vast and vnrious, and the diGeience is 
BO wide between ordinary trees, sbiubs, aod Lcrbs on the one hand, and 
mosses, moulds, and auch like oo the other, that It is bardlj possible to 
frame an intelligible account of plsjuts as a whole without coutradictiona 
or misslateiiients, or endless and troublesome qnalificaljons. If we say 
that plants come froin aeeda, bear llowera, and have roots, stems, aud 
leaves, this is not true of the lower ordcra. It is best for the beginner, 
therefore, to treat of tlie higher urdcni of plants by themselves, without 
particular reference to the lower. 

G. Let it be understood, accordingly, that there is a liigher and a lower 
series of plants ; namely : — 

Phanehogamous Plamts, which come from seed and hear Jloaen, es- 
sentially stamens and pistils, through the co-operation of which seed la 
produced. For shortness, these are comnionly called PiiABBROGiMS, or 
Phanogami, or by the equivalent English name of Floweking Plahts.' 

Cryptogamous Plants, orCnvPToGAMS, come from minute bodies, which 
answer to seeds, but are of mueii simpler structure, and such plants hare 
not stamens and pistib. Therefore they are called in English Flowekless 
Plasts. Such are Ferns, Mosses, Algte or Seaweeds, F'ingi, etc. These 
sorts have eoch to be studied separately, tor each class or order has a plaa 

7. But Phanerogamous, or Flowering, Plants are al! constructed on one 
plan, or tgpe. That is, taking almost any ordinary herb, shrub, or tree for 
a pattern, it will exemplify the whoie series : the parts of one plant answer 
to the parts of any other, with only certain differences in particulars. And 
the occopation and the delight of the scientiiic botanist is in tracing out 
this common plan, in detecting the likenesses under all the diversities, and 
in noting the meaning of these manifold diversities. So the attentive study 
of any oue plant, from ita growth out of the seed to the flowering and 
fruiting state and the production of seed like to that from which the plant 
grew, would not only give a correct general idea of the structure, growth, 
and charade rislics of Flowering Plants in general, but also serve as a pat- 
tern or standard of comparison. Some pknta will serve this purpose of a 
pattern nmch better than others. A proper pattern will be one tliat ia 
perfect in the seuse of having all the principal parts of a phanerogainona 
plant, and simple and regular in liaving these parts free from complication a 
or disguises. The common Flax-plant may very well serve this purpose. 
Being an annual, it has the advantage of bring- easily raised and carried 
in a short time through its cirale of existence, from seedling to fruit and 



' The name is (ometimea Phinieroganioia, Bometimo PhoBogamoiia {Fhantro- 
garni, or P/im«.<gaai), lerma of (he tame meaning el jroologically ; the farmer of 
preferable farm, bat the Utter shorter. The meaning of Bturh terms i* ciphiiiltd 
in the Glouarr. 
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Section II. FLAX AS A PATTERN PLANT. 



8. Growth from the Seed. Pbanerogamous plaiits grow from seed. 
Bud tlieir flowers are dcstiued to the production of seeds. A seed liaa a 
rudimentarj plant ready formed iu it, — aometiiues witli the two most 
easential parts, i. e. st«m mid leaf, plainly discemihle ; sometimes with no 
obvious distiiictioii of organs until germination bcf^us. This incipient 
plant is called an Eubryo. 

9. In this section the Flai-plaiit is taken as a specimen, or tjpe, and 
the development and historj of common plants in general is illustrated by 
it. In flax-seed the embryo nearly fills the coats, hut not quite. There 
is a small deposit of uourisliment between the seed-coat and the embryo : 
this may for the present be left out of the account. Tliis embryo consists 
of a pair of leaves, pressed together face to face, and attached to an ei- 
tremelj short stem, (Fig. 2-i,) In lliia rndimentary condition file real 
nature of the parts is not at once apparent ; but when the seed grows Ihey 
promptly reveal their character, — as the accompanying figures (Fig. 5-7) 




10, Before the nature of these parls in the seed was altogether under- 
stood, technical names wei-e given to them, which are still in use. Tliese 
initial leaves were named Cottledonb. The initial stem on which they 
stand was called the Radicle. Tliat was because it gives rise to the lirGC 
root; buti as it Is really llie beginning of the stem, and because it is the 
stem that produces the root and not the root that produces the stem, it is 
better to name it the Caulicle. Recently it has been named Hypocotj/U; 
vhich signifies something below the cotyledons, without pronouncing what 
ita nature is. 

1, »howing two of Ihe seeds! onewhnle, 
embryo into vie*. 3. Similar sec timi 
of A tUi-wed more magniReii and divided flatwise; turned round, to that tha 
itam-end (canticle) of the emtiryo Is below: tbe whole broad apper part is the 
limeT fnce of one of the cotyledona; tbe minute nick at its tiase is the plnmule. 
4. Similar section through a seed turned edgewise, showing the thickness of the 
cotytedona, and the miuiite plumule between them, i. e. the minute bud on the 
upper eod of the raidicle. 
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[SECTION 2. 

11, Oq committing these seeds to moist Bad warm soil tbej soon sprout, 
1. e. germinata. The verj short etem.part of tlie embryo is the first to 
grow. It lengtheua, protmdKS iw root^eud; this turns dowuward, if not 
alreadj pointing itt that direction, and while it is leugtliening a root fonna 
at its poiut and grows downward into the grouud. This root continues to 
grow on from its lower end. and tlius iuainuates itseif and 
peuetrates into the soil The stern meanwhile U adding 
lo its length throughout; it erects itself, and, sscking the 
light, brings the seed up out of the ground. The 
ri»la for this growtii have been aupplied by the cotjledi 
or seed-leaves, still in the seed ; it was the store of 
ishing material tliej held which gave them Iheir tbiokish 
shape, ao unlike that of ocdinarv leaves. Now, relieved of 
a part of this store of food, which has formed the growth 
which they have been raised into the air 
and light, they appropriate the remain- 
der to their own growth. In eulargiiig 
' tlie; open and throw olT the seed-husk ; 
they expand, diverge iulo a horizontal 
position, turn green, and tbos become 
a pair of evident leaves, the Erst foliage 
of a tiuy plunt. This seedling, although 
diminutive and most simple, possesses 
and puts into use, all the Organs uf 
VEGET4T10N, namel;f, root, stem, and 
leaves, each hi its proper element, — the 
root in the soil, the stem rising out of 
it, the leaves In the light and open air 
It now draws in moisture and some 8 6 7 

food-materials from the soil hj its root, 

conveys this through the stem into the leaves, where these materials, along 
with other crude food whicli these imbibe from the air, ai-e assimilated into 
vegetable iimlter, i, e. inl^i the material for further growth. 

13. Further QrowtU soon proceeds to the formation of new parts, — 
downward in the production of more root, or of branches of the main root, 
upward in the development of more st«m and leaves. That from which a 
stem witii its leaves is continued, or a new stem (i, e, branch) originated, is 
a Bud. The most conspicuous and familiar buds are those of most shrubs 
and trees, bearing buds formed in summer or autumn, to grow tbe following 

Fia. 5. Early Flai seedling ; atara (cauliele), root at lownr eiiri, exponded Had* 
Iwvea ({^otjlpilons) nt the other: mmute Imil (ptnmale) twtvreeii thuse. 6. Sb&Ib 
Uter; tbe buii developed toto second pair of leaves, with hanily Diiy stem-part b»- 
tow them; tben Into a third pair of leaves, raised on a sliort Joint of atem; and a 
flrtli leaf also sliowing. 7- Same ntill older, with more leaves developnl, but th«M 
singly (one after another), and with joints of stem between them. 
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«priiig. But every SQch point for new growili mnj equally bear the name. 
"When there is suoli a baii between this cotjledous m tlie seed or seedling 
il 13 called the Plumule, Tliia is oouapicuoua enough in a beau (Fig, 39.), 
where the jouugleafof the new growth looks like a little plume, whence the 
name, ptitmvle. In flax-seed this is very miuute indeed, but is disceruible 
with a magiiitier, aud iu the aeedliug it shows itaeh' diatiucdy (Fig. 5, 6, 7). 

13. As it grows it shapes ilsell into a aecoud pair of leates, which ol' 
course inAn uii a secoud joint of stem, although iu this iusLauce that remaiua 
too short to be welt seen. Upon its 

summit appeurs the third pair of 
leaves, soon to be raised upon its 
properjohit of stem; the next leaf is 
single, and is carried up still further 
upon its supporting joint of stem ; 
and so on. The root, meanwhile, 
continues to grow underground, uot 
joint afl«r joint, but continuouslj, 
from its lower end; and commoulj 
it before long multiplies itself by 
bninehes, which lengthen by the 
same continuous growth. But 
stems are built up by a succession 
of leaf-bearing growths, sucb as s.re 
stroDgly marked in a reed or coni- 
stalk, and less so in such an herb as 
Flax. Theword"joint"isambigu- 
ouB : it may mean either the portion 
between successive leaves, or their 
junction, where tlie leaves are at- 
tached. " For precision, tlierefore, 
the place where the leaf or leaves 
are borne is calleiJ a Node, and the 
naked interval between two nodes, 
an Internode. 

14. In this way a simple stem 
with its garniture of leaves is de- 

, Tdnped from the seed. But besides 

' tMa direct continuation, buds may form and develop into lateral stems, that 
IB, i*to braitrhei, from any node. The proper origin of branches is from 
tlie AiXTL of B leaf, i. e. the angle between leaf and stem on the upper side ; 
and branches may agiun branch, so building up the herb, shrub, or Iree. 
But sooner or later, and without long delay in an annual like Flax, instead 
of tJiis continUBUce of mere vegetation, reproduction is prepared for 1 

FlQ. S, Upper part of Flax-plant In blanaom. 




A PATTERN PLANT. [bectiON 1 

□ Flax the dowers make their appearance nt tbs 
end of the stem and braucliea. The growth, which otherwise might con- 
tinue thctn farther or iadefinitelj, now takes the form of blossom, and is 
subservient to tlie production of seed. 

16. The Flower of FUx consists, first, of fire small green leaves, 
crowded into a circle ; this is the CiLnc, or llowei^oup. When its sepa- 
rate leaves are referred to they are called Skpals, a name which diatin- 
giiishcs thein from folia ge-leavea on the one hand, and from petals on the 
other. Then come five delicate and eohred leaves (in tbe Flax, blue), which 
form tbe Conou.4, aud its leaves are Petals ; then a circle of oTguu, iu 




which all likeness to leaves is lost, consisting of slender stalks with a knob 
at surainit, the Stamens; and lastly, in the centre, the rounded body, 
which beconies a pod, surmounted by five slender or stalk-like bodies. 
This, all togetlier, is the Pistil. The lower part of it, which is to contain the 
seeds, is the Ovary [ the slender organs surmounting this are Stiles ; the 
knob borne on the apex of each style ia a Stigma. Going back to the sta- 
mens, these are of (wo parts, vii. the stalk, called Filament, and the body 
it bears, tbe Anther. Anthers arc filled with I'dllen, a powdery sub- 
stance made op of minute grams. 

17. The pollen shed from the anthers when they open falls upon or is 
conveyed to the stigmas; then ihe pollen-graina set up a kind of growth (In 
he discerned only by aid of a good niierosoope), wliich penetrates the style : 
this grawih takes the form of a thread more delicate tlian the finest spider's 
web, and reaches the bodies whicli are to become seeds (Ovules they are 
called nnl.il this change occurs) ; these, touched by this influence, are in- 
cited to a new growth within, which becomes an embryo. So, ns the ovary 
ripens into the seed-pod or capsule (Fig. 1. etc.) containing seeds, each 
seed enclosing a rudimentary new jilantlet, the roui.d of this vegetable 
existence is completed. 

Fib. 9. Flai-flowera j,boat natnrsl sue. 10. Section of n flower mocleralelj 
enUrgeil, showing a part of the petuls and atameoB, oil five 
of ovaiy with two otuIm or radimentsry seeds. 





Section III. MOEPHOLOGY OF SEEDLINGS. 

Having obtaiaed a geccral idea of the growth and parts of a pha- 
Ls pluit from tbe common Fki of the field, the seeds and seed- 
lings of other familiar plants maj be taken up, and their variations from the 
assumed pattern examined. 

19. Qermlnatitig Maples arc excellent to beg-in ivilh, tbe parts being 
so much larger than in Flax that a common magnifying glass, although 
convenient, is hardlj necesaarv. The only disadvantage is that fresh seeds 
are not readily to be bad at all seasons. 

2D. The seeds uf Sugar Maple ripen at the end of summer, and germi- 
nate in early spring. The em- 
bryo fills tbe whole seed, in. 
which it is nicely packed; and 
the nature of the parts is ob- 
vious eren before growth begins. 
There la a stemlet (caulicle) and 
a pair of long and narrow aeed- 

leaTcs (cotyledons), doubled up and coiled, green even in the seed, and in 
germbation at onco nnfolding into tbe first pair of foliage-leaves, though 
of shape quite unlike those that follow. 

21. Red Maple seeds are ripe and ready to germinate at the beginning of 
anmmer, and are therefore more convenient for study. The cotyledons are 
crumpled in the seed, and not easy to straighten ont until they unfold them- 
selves in germination. The story of their devElopment into the seedling is 
told by the accompanying Eig. 14-20 ; and that of Sugar Maple is closely 
similar. No plumule or bud appears in the embryo of these two Maples 
until the seed-leaves have nearly attained their fall growth and are acting 
B3 foliage-leaves, aaid until a root is formed below. There is no great store 
of nourishment in these thin cotyledons ; so further growth has to wait 
until the root and jeed-Ieaves have collected and elaborated sufficient ma. 
teria! for the formation of the second intcmode and its pair of leaves, 
which lending their help the third pair is more promptly produced, and 
BO on. 

aa. Some change in the plan comes with the Silver or Soft Wliite Maple. 
(Fig. 21-25). This blossoms in earliest spring, and it drops its large and 
ripened keys only a few weeks later. Its cotyledons have not at all the 
appearance of leaves ; they are short and broad, and (as there is no room 
to be saved by folding) they are straight, except a small fold at the top, — 
a vestige of the habit of Maples in general. Their unusual thickness is due 



Fio. 1], Embrfo of Sagai Mapk, cut through lengthwise and taken out of thi 
ued. IS, 13. Whole embryo of same just begimung to grow; a, the stemUt oi 
Mulicle, which In 13 haa coneidersbly lengthened. 



16 



[section S. 



to the large store of notritive matlBr they contain, and this preventB their 
developifig into actual leaves. Correspond iaglj, their caulicle does not 
lengthen to elevate them above the surface of the soil ; the growth below 
the cotjledons is nearly all of root. It is the little plumule or bud between. 




them which makes the upward growth, and which, being well fed by the 
cotyledons, rapidly develops the next pair of leaves and raises tlicm upon 
a long internode, and so on. The cotyledons all the while remain below, 
in the husk of the fruit and seed, and perish when tliey Lave yielded up the 
store of food which they contained. 

23. So, even in plants so much alike as Maples, there is considerable 
difference in the amount of food stored up in the cotyledons by which the 
growth is to he made ; and there are corresponding differences in the ger- 



Flo. 14. One of the pair of keys or wini^d fniJCs or Red Maple; tho seed-bear' 
fng portion out open to show the seed. 15. Seed enlarged, and divided to allow 
the emmplEd embryo whiob fills it. 16, Embryo taken out and partly opened. 

17. Embryo which has nnrolded in early stage of germination and btgun to grow. 

18. Seedling with next joint of stem and leaves apparent; ami 19 with these parta 
fall-grown, and bnd at af ex for [mther growth. 2D< Seedling with another Jobtt 

, of item and pair of leaves. 



mination. The Ui^er the supplj to draw upon, the stronger the growth, 
and the quicker the formatioa of root below and of stem and leaves ftbore, 
This deposit of food thiekcns the 
cot;ledous, and renders theai less 
and lesii lenf-like in proportion to 
its anioniit, . 

ii. Examples of Embryos 
■with tMokened Cotyiedons. 
In the Fuupkiu andSquusb (Pig. 
26, 37), the eotjledons ore well 
supplied with nourishing matter, 
B3 tbeir aweet taste demonstrates. 
StiU, thej are Dat and not very 1 
tliick. In germination tbb store 
is promptly ulilized in the devel- 
opment of the caulicle to twenty or 
thirty times its length in the seed, 
Bud to corresponding thickness, in 
the formation of a cluster of roota 
nt its lower end, and the early pro- 
duction uf the incipient plumule ; 
also in their own growth into effi- 
cient green leaves. The case of 
onr coramou Bein (Phasenlus vul- 
garis. Tig. 28-30) is nearly the 
«anle, eicept t)iat the ootyledoiis 

are much more gorged ; so that, although carried up into the air and light 
npon the leogtheniug caulicle, end tliere acquiring a green color, they 
never espand into useful leaves. Iiistead ef this, they nourish into rapid 
growth the plumule, which is plaiuly visible in the seed, as a pair of 
incipient leaves; and these form the first actual foliage. 

as. Very simikr is the germination of the Beech (Tig. 31-33). except 
that the caulicle lengthens less, hardly raising the cotyledons out of the 
ground. Nothing would be gained by elevating them, as they never grow 
out into efficient leaves; but the joint of stem belonging to the plumule 
lengthens well, carrying up its pair of real foliage-leaves. 

26. It is nearly the same in the Benn of Ihe Old World (Vieia Faha, 
here called Horse Bean and Windsor Beon) : the caulicle lenglhens very 
little, does not undertake to elevate the heavy seed, which is left, below or 

Mapla, Acer ilaaycnrpnm, of natuml aiie, the 
« the seed. 22. Emliryo of the neert laJten 
out. 23. Saraa opened out, to sliow tile thick eotyledonfl and the little plumule 
or bail between them. 24. Gcmiination of Silver Maple, natural aiie; merely the 
tnse of (lie fruit, containing the seed, ia shown. 25. Embryo of same, taken out 
of the hoik; upper part of growing Etem cut off, for w 





for storage oalj is most eompletely carried out. For thej are thickened 
to the utmost, evea into hemispheres ; the caulicle does not lengthen at all ; 
y sends out roots from the lower end, and develops its strong plu- 
mule hoai the upper, the seed remaining unmoved underground. That is, 
in technical language, the germination is h^pogmt 
27- Tliere is sufficient nourishment in the cotyledons of a pea to make 
nsiderable growth before any actual foliage is required. So it 
is the stem-portion of the plumule nhich is at first conspicuous and strcDg- 
groving. Here, as seen iu Fig. liS, its lower nodes bear each a useless 
leaf-scale instead of au efficient leaf, and only the later ones bear leaTes 
fitted for foliage. 

FrQ.26. Embryoof Pumpkin-seeil, partlyoponed. 27. Yonrg seoiiling of aunie- 
Fja. 28. Enibrjo of Common Baan (Pliaseolua vnlgaris): caulicie bent down 
ovaredge of cotyledons. 29. Sams gemiinating ; atuUcle well lengthened and rool 
beginningi thick cotyledona partly upreadlng; and plumnle (pair orieaTea) growing 
between tbem. 30. Same, older, with piimiule developed into istemoile and 
pail of letveL 




Ihis lengthens hardly anj. Indeed, the earlieat growth which tarries 
the Tery short caulide out nf the shell eomes from the formatioa of foot- 
stftlks to the cotylcdoog; above these develops the strong plumule, below 
grows the stout root. The growth b at first entirelj, for a long time 

FlO, 31. A Beech-niit, cut acrtwa. 32. BegiiinJnK germination of the Beech, 
showing the plumule growing before ths cotylejons have openc^d or Iho root has 
wnrcely formeil. 33. Tlie same, a little later, with the plQuinlD-lcaves (levelopicg, 
■ud elevated on a long iiilemode. 

Fig. 31. Embryo of Pen, i. e, a pea with the coats removed! the short and 
thick caiiliclB presented to view. 36. Same in advauccil genninatinu ; the plumule 
a«s daveloped four or five intemoded, bearing single leaves ; but the first and sac- 
oere acalen, the third begins U> serve as foliage ; the neit man. wi- 
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mainly, at the expense of the great store of food in the ei 
after aerviag their purpose, decay ucd fall away. 

29. Such thick cotyledons never separate; indeed, they sometimes grow 
together by some part of their contiguous faces ; so that the germiuatioD 





aeems to proceed from a sobd bitlb like mass. 
This is the case m a horse thestuut 

30. Germinating Embryo supplied by its 
own Store of Nourishment, i. e. the store in 
tiie cotjledoua. This is so in all the iUastraliona 
thus far, eaaeutially so eveu in the Flax. This 
nourishment was supplied by the mother plant to 
the ovule and seed, and thence taken into the 
embryo during its growtli. Such embryos, filling 
tlie whole seed, are coniparatiTely large and strong, 
and vigorous iu germ i nation in proportion to the 
amonnt of their growth while connected «it!i the prent plant. 

31. Germinating Embryo sapplied from a Deposit outside of It- 
self. This is as common as the other mode; and it occurs in all degrees. 

P;a. 36. Half of an acom, cut lengthwise, filled by tha very thick cotyledons, 
the base of which encloiws tlie iniaute caulicle. 37. Oa>-«eed]tng. 

Flo. 38. Half of a tiorse-chestitnt, similarlf cut ; the caaljcle is curved down on 
the side of one of the thick cotyledons. S9. Bone-chestaut in germination; foot- 
stalks are formed to the cotyledons, pnsbing oat in their lengthening the growing 
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Some seeds have verj little of tliis deposit, but a cocngarativel; large em- 
brjo, with its purts mure or less de>elDped and recogiuzable Id otiien 
tliis deposit forms tl e niain bidL of tLe seed and tlic eaibryo ta small or 
miuule, and con parativelj rudinieolarj The following Uliistrations exem- 
plify these various grades Wl en an embryo m a seed is thus surrounded 
by a white substance it waa i atnnil to liien the biter to the white of an 
egg, and the eiibrjo or germ to the yolk So the matter around or bj 
the side of the embrvo was called the Albumen 
i, e. the white of the seed Ibe analogy is not 
very good aud to avoid ambiguity some butan 
ists eall it the £\I)DSPEKH As that means lu 
English merely the invrords (fa seed the uew 
name is Lttle better than the old one , and, since 
we do not change names in botany except 
wben it cannot be avoided, this name of albu- 
men is generally kepi up. A seed with such a 
deposit is albuminous, one with none is exal- 

32. The Albumen forms the main bulk of 
tbe seed in wheat, maiKe, rice, buckwheat, and 
the like. II is the floury part of the seed. 
Also of the cocoa-nut, of coffee (where it is dense 
and hard), etc. ; while in peas, beans, almonds, 
and in most edible nuts, tbe store of fond, al- 
though essentially the same in nature and in 
nse, is in the embryo itself, and therefore is not 
counted as anything to be separately named. 
In both forms tliis concentrated food for the 
germinating plant is food also for man aud for 
animals. 

33. For an albuminous seed with a well-deyeloped embryo, Ibe com- 
D Morning Glory (Ipomcea purpurea. Fig, 40-43) is a convenient exam- 
ple, being easy and prompt to grow, aud having all the parte well apparent. 
The seeds (duly soaked for examination) and the germination should be 
compared with those of Sugar and Red Maple (19-31), Tlie only essen- 
tial dlSerence is that here the embryo is surrouuded by aud crumpled up in 
the albumen. This aubstauce, which ia pulpy or mucilaginous in fresh 
and yoniig seeds, hardens as tbe seed ripens, bat becomes again pulpy in 
germination ; aud, as it liquifies, the thin cotyledons absorb it by their 

FlO. 40. Seed of Morning Glory divided, moderatsly mBgnified; shows b lon|,'i- 
tmliiuJ section through the centre of the embryo as it lies crumpled in the albu- 
iDon. 41. Embryo taken out whole .and unfolded; tbe hroad and vsry thin 
cotyledons notched at eummit ; the csulicle buluw. 42. Eu-ly atats of gennlaa- 
tlon. 43. Same, mare advanced; caulicle or primary stem, cotyledouj or leed- 
leaveB, and below, the root, well developed. 
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vbole surface. It supplements the nutritive matter contained in 
embryo. Both together form no large store, but aufficieut for establishing 
the seedling, with tiny root, stem, and pair of leaves for initiating its 
independent growth ; which in due time proceeda as in Fig, 44, 45. 

34. Smaller embryos, less developed in the seed, are more dependenf 
upon the eitraneoua supply of food. The figures 46-53 illustrate fou» 




grades in this respect The smallest, that of the Peony, is still lai^ enough 
to he seen with a hand magnifying glass, aud even its cotyledons may be 
discerned bj the aid of a simple stage microscope. 

35. The broad cotyledons of Mirabilia, or Four-o'clock (Fig- 62, 53), 
with the slender caulicle almost encircle and enclose the flouty albumen, 
iustead of being enclosed in it, as in the other iliustrations. Evidently 
here the germinating embryo is principally fed by one of the leaf-like coty- 
ledons, the other being out of contact with the supply. In the embryo of 
Abronia (Fig. 54, 55), a near relative of Mirabilis, there is a singular 
modification; one cotyledon is almost wanting, being reduced to a rudi- 
ment, Seaving it for the other to do the work. This leads to the question 
of the 

36. Numbar of Cotyledons. In all the precedbg illuatraliona, the 
embryo, however different in shape and degree of development, is evidently 

Pio. 44. Seedling of Morning Glory more advanced (root cut away); ootyledora 
well developed Into foliage-leaves: incceeding interuode and leaf well developed, 
and the next fanning. 4G. Seedling more advanoedj lednoad to muoh below 
natural size. 
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constructed npon one Bud the aame pkn, namelj, that of two lenvea on a 
oauliele or initial stem, — a plan wliicli is obviona even when one cotjledon 
becomes verj much amaller than the other, as in the rare instance of Ahro- 
nia (Tig. 54, 55), In other words, the erabrjos bo far examined are all 

37. Dioolyledoiioiifl, that is, two-cotjledoned. Plants which are thus 
similar in the plan of the embrjo agree hkewise in the general structure of 




their stems, leaves, and blossoms ; and thus form a class, named from their 
emhrjo Dicottledosbs, or in English, Dicottlb Donors Plants. So long 
a name being inconirenient, it may be sliortened into Dicotyls. 

3S. Folyootyledonons is a name employed for the less usual case in 
which there are more than two cotyledons. The Pine is Ihe most familiar 
case. This occurs m all Pines, the number of cotyledons varying from three 
to twelve i in Pig. 56, 57 tliey are six. Note that they are all on the same 
level, that is, belong to the same node, so as to form a circle or lehorl at the 
summit of the caulicle. When there are only three cotyledons, they divide 
the space equally, are one third of the circle apart. When only two they 
are 180° apart, that is, are opposite. 

39. The case of three or more cotyledons, which is constant in Pines 
and iu some of Ibeir relatives (bnt not in all of them), is occasional among 
Dicotyls. And the polycotyledonous is only a variation of the dicotyledonous 
type, — a difference iu the number of leaves in the whorl ; for a pair ia a 
whorl reduced to two members. Some suppose that there are really only 



BmBl! embryo in the 
I ore maguiUed. 
roight Embryo in the 



Fio. 4Q. Section of a seed of a Peony, showing a, 
slbDmen, near one end. 47. This embryo detached, a 

Pig. 48. Section of a seed of Barbeny, shovring t 
middle of the albumen. 49. Ita embryo detached. 

Fio. 60. Section of a Potato-seed, showing the embrya coiled in the alhumea. 
GI. Its embryo detached. 

Ro. 62. Section of the seed of Mirabilia or Four-o'clock, showing the embryo 
ooUed round the outside of the albumen. 53. Embryo detached; showing the veif 
brood and leaf-Iika cotyledooa, applied face to face, and the pair incurved. 

Fio. S4. Embryo of Abronia umbsllata; one of tie cotyledons very small. 
SG. Same strsightcned out. 





two cotjledons eveu in a Pine-embryo, but theee divided or split up oc 

genitall; ao aa to imitate a greater number. But as leaves are often 

wiiorls OQ ordinary sterna, ilioj may be so at the very begiuuiug. 
10. Moaoootyledonous (meauiiig witli 
litigle cotyledou} is tlie name of the oi 
/ledoced aort of embryo. Thia goes along ('/■i 
' with peculiarities in stem, leavea, and flowers; ' 
which all together associate such jilanta into 
a great class, called Mdnocottledonous 
Plants, or, for shortness, Mohocotyls. It 
means merely that the leaves are alternate 
from the very first. 

41. In Iris (Fig. 68, 59) the embryo in 
the seed ii a sniall cylinder at one cod of tlje 
mass of the albumen, with no appareot dis- 
tinction of parts. The eod which almost 
touches the aeed-coat ia caulicle; the otiier 
end belongs to the solitary cotyledon 

germination the whole lengthens (but mainly the 

cotyledon) only enough to push the proximate 

end fairly out of the seed : from thia end the root 

is formed; and from a little higher the plumule 

later emerges. It would appear, therefore, that 

the cotyledon anawers to a minute leaf rolled up, 

aud that a chink through wHoh the plumule 

grows out is a part of the inrolled edges. The 

embryo of Indian Com shows these parts on a 

larger scale and in a more opeu state (Fig, 36- 

6S). There, in tlie seed, the cotyledon remains. 

imbibiug uonrishmeut from the aofteued albu- 
men, Bud trausmittiiig it to the growing root 

below and new-forming leaves above, 
43. The general plan is the same in the Onion (Fig. 60-65), but witB 

B striking difference. The embryo is long, and coiled in the albnmen of the 

seed. To ordinary examination it bIiowb no diatinetion of parts. But 

germination plainly shows that all except the lower end of it is cotyledon. 

For after it haa lengthened into a long thread, the citiak from which tbe 



Flo. 6S. Section of a Pine-aecd, showing its polycutyledonaua embryo In ths 
centre of the albumen ; moderBtely magnilled. 67. Seedling of same, showing th* 
freshly expanded aix cotyledons in a whorl, and the plumule Just appearing. 

Fig. 68. Section of a aeed of the Iris, or Plower-de-Luce, enlarged, showing iti 
■null embryo in the albumen, near the bottom. 69. A germinating seedling of th« 
lame, its plumule developed into the Gi^ four leaves (alternate), the Gist on* 
nidimentaryi the cotyledon remain!) in the seed. 

FlQ. 60. Section of an Onion-seed, showing the slender and coiled embryo in th« 
affcuizieD ; mmeralelT magnified, ttl. Seed of same in eaily gi 
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plumnle iu time emerges ia seen aC the liase, 



it ; so the caolicle it 





e»tretnelj short, nnd docs not elongate, 
but scuds out front ils liase a simple 
root, and afterwards others in a cluster. 
Not onlj does tlie cotyledon lengllien 
enormouslj in the seedling, but (un- 
like that of Iris, ludiau Corn, mid all 



Flo. S3. OermiDatIng Oniaa, more advanced ; tlie chink it base o[ cotyle><Lin 
opening for the protnisiun of the plumule, consiEting a( b. tbreaci-shaped le^r. 
58, Section of base of Fig. 82, showing plumule enclosed. 84. Section of same 
latar ; plnmnle emerging. tl5. Later stage of 62; upper part cntoC 66. A grain 
of Indian Com, Satwiie, cut away a little, bd as to show tlie embryo, lying on the 
dbnmen, wtiich makes the principal bulk of the aeed. 67. A grain cut t>irough the 
lalddls in the oppmile direction, dividing the embryo throng!) :ts thick cotyle- 
doO and its plnmule, the latter conaisting of two leaves, one enclosing the other. 
flS. The embryu, taken out whole: the thick mass is the cotyledon; the narrow 
bodf pnily enclosed Iiy it is tlie plnmule ; the little projection at its base is the 
very ahort mdicle enulosed in the sheathing base of the first leaf of the plnmnle. 

Pio. 88. Grain of Indian Com In geraiinalion ; the ascending sprout is the first 
leaf of the plnmnle, enclosing the younger leaves within ; at its base the primary- 
root bos broken through. 70. The same, advantedi the second and third leaves 
ttaveloping, while the sheathing flrat leaf does not tiirttiBi 4«i«\o?. 



the cereal grains) it 
tip alill rciiiuiiiiiig in 
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aises tlie comparativeij )ig!it seed into the air, tho 
Ihc seed aud feeding upon the alburoeu. When 
tliis food is Eshuuated aud the seedling is well es- 
tablished in the soil, the upper eud dccajB &ud the 
t'Oiptied Lusk ut the seed ia'ts avay. 

43. In MaiiB or In- 
dian Com (Fig, 66-70), 
iLc cn)br;o is more de- 
veloped in the seed, and 
its parts can be made cut. 
It lies against tlie starch j 
albumen, but is not 
enclosed therein. Ths 
larger part of it is tliB 
cotyledon, liiickish, its 
edges iuTolule, and its 
back in contact vilh the 
albumen ; partlj eoclosed 
by it is the welUdevel- 
oped plumule or bud 
icli ia to grow. For 
cotyledon re males in 
seed to fulfil its office 
nibibiug nourish ment 
' from the softened albu- 
men, which it conveys to 
the grow iug sprout ; tlie 
part of this sprout which is vibible is the first leaf of the plumule rolled up 
into a sheath and enclosing the rudiments of the succeeding leaves, at the 
base enclosing even the minute cnulicle. In germination tbe first leaf of 
the plnniule develops only as a sort of sheath, proteoling the tender pajts 
within; the second and the third fonn the first foliage. The caulicle never 
lengthens: the first root, which ia formed at its lower eud, or from any 
part of it, has to break through tbe enclosing sheath ; and succeeding roots 
soon spring from all or any of the nodes of the plumule. 

44. Simple-stemmed Plants are thus built up, by the continuous pro- 
duction of one leaf-bearing portion of st«m from the summit of the preced- 
ing one, begmniug witli the initial stem (or caulicle) in the embryo. Some 
Dicotyls and man; Monocotyls develop only in this single line of growth (as 
to parts above gronnd) until the flowering state is approached. For some 
examples, see Cycas (Fig. 71. front, at the left) ; a loll Yucca or Spanish 
Bayonet, and two Cocoa-isut Pahna behind ; at the right, a group of Sugar- 
canes, and a Banana behind. 

Fic. 71- ^liijptK-Eiteinmed legetation. 




Section IV. GEOWTH FROM BUDS : BEANCHffiG. 

46. Most plants increase tlie amouut of their vegetation b; branching, 
tliat ia, by produciog lateral shoots. 

46. Roots branch from any part anil usually without definite order. 
Stems normally give rise to branches only lit dofluile points, namely, at the 
nodes, and there only from the axils of leaves. 

47. Buda (Fig. 72, 73). Every incipient shoot ia a Pnd (13). A 
stem continues its growth by its terminal bud; it branches by the forma- 
tion and development of lateral buda. As normal lateral buds occupy tlie 
axils of leaves, they are called ajiUary buds. As leaveti are symmetrically 
ai-rauged on tbe stem, the buds in their axils and tlie branches into wliicb 
asillai'y buda grow partake of this Byniiiietry. 
The most conspicuous buds are the scalj winter, 
buds of moat shrubs Rnd trees of temperate and 
cold climates ; but tbc name belongs as well to 
tbe forming shoot or branch of any herb. 

48. Tha Tenainal Bud, in the most general 
sense, may be said to exist in the embryo, — ps 
cotyledons, or the cotyledons and plumule, — and 
to crown each successive growth of the simple 
stem so long as the summit is capable of growth. 
The whole ascending growth of the Palm, Cy- 
oas, and the like (such as in Fig. 71) is from 
a terminal bud. Branches, being repetitions of 
the main stem and growing in the same way, 
are also lengthened by t«rminal buds. Those of 
Horse-chestnut, Hickory, Maples, and such trees, 
being the resting buds of winter, are conspicu- 
ous by their protective covering of scales. 
These bud-acales, aa will hereafter be shown, 
are themselves a kind of leaves, 

49. Axillary Buds were formed on these 
annual shoots eaily in the summer. Occasion- 
ally they grow the same season into branclies ; at least, some of them are 
pretty sure to do so whenever tbe growing terminal bud at the end of the 
shoot is injured or destroyed. Otherwise thej may lie dormant until the 
following apriug. In many trees or shrubs these axillary buds do not 
show themselves until spring ; but if searched for, they may be detected, 
though of small size, hidden under the bark. Sometimes, although early 

Fio. 72. Shoot of Horae-oheatnut, of one year's growth, Uken in autumn after th» 
leaves have faUenj aliDwing the large terndnal bad and smaller aiillary bncla. 
FlQ. 73. Kmilar shoot of Shagbork Hickory, Carya db*. 




farmed, they are concealed al! samineT long ander the base of tlie leaf-Btalk, 
which is then hollowed out into a sort of inverted cup, like a candle- 
ex tingaialier, to cover tliem ; as iti tlie Locust, the Yellow-wood, or more 
wrikmgly in the Button-wood or Plane-tree (Fig. 7i). 




50. The ieof-tears, so consp cuons F g 72 73 under each aiillir; 
bud, mark the place wliere the stalk of tl e aubtcudi g leaf was attached 
until it fell iu autumn. 

51. BoBly Bnds, wh ch are wel! represented in F g 73 73, eommonJy 
belong to trees and shrubs of con tries c winch growtl s suspended dur- 
ing winter, Tlie scaly cover ngs protect the tender you g parts beneath, 
not so Ditich by kecpiug out the cold, whicii of course would penetrate the 
bud in time, as by sliieldiiig the interior from the effects of sudden changes. 
There are all gradations between these and 

53. Naked Bads, in which these scales are inconspicuous or wanting, 
a,9 tu most herbs, at least above ground, and most tropical trees and shrubs. 
BiLt nearly related plants of the same climate may differ widely in tliis re- 
spect. Rhododendrons have strong and scaly winter-buds ; while in Kalmia 
they are naked. One species of Viburnum, the Hobble-bush, has com- 
pletely naked buds, what would be a pair of scales developing into the first 
leaves in spring ; while another (tlie Snowball) hag conspicuous scaly bnds. 

53. Vigor of Vegetation, from strong 'bnda. Large and strong buds, 
like those of tlie Horse-chestnut, Hickory, and the like, contain several 
leaves, or pairs of leaves, ready formed, folded and packed away in small 
compass, just as the seed-leaves of a strong embryo are packed away in tlie 
seed ; they may even contain all the blossoms of the ensuing season, plainly 
visible as small buda. And the stems upon which these buds rest are filled 
with abundant nourishment, which was deposited the summer before in the 

ir the faDllowed base of tbe leafstalk. 
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wood or in the bark. Under the aurfsce of the aoil, or ou it covered with 
the fallen leaves of autumu, similar strong buds of our pereimial herbs maj 
be found ; while benealh ara thiol: roots, rootstocks, or tubers, charged 
with a great store of aonrishment for their use. This explaius how it is thai 
vegetation from such buds shoots forth so vigorouslj in the spring of the 
jear, aad clothes the bare and latelj frozen surface of the soil, as well us 
the naked boughs of trees, verj proiuptlj with a covering of fresh green, 
and often wiih brilliant blossoms. Everjthiug was prepared, and even 
formed, beforehand : the short joints of stem in the bud have only to 
lengthen, and to separate the leaves from each other so tliat they may un- 
fold and grow, Oiilj a small part of the vegetation of the season comes 
directly from the seed, and none of the earliest vernal vegetation. This is 
all from buds which have lived through the winter. 

5i. The Arrangement of Branches, being that of axillary buds, answers 
to that of the leaves. Now leaves priuoipallj are either oppotUe or allemafe. 
Leaves are oppoiile when there are two from the same joiut of stem, as in 
Maples (Fig, SO), the two being on opposite sides of the alem ; and so the 
aiiilary buds and branches are opposite, as in Fig. 75- Leaves are alter- 
nate when there is only oue from each joint of stem, as iu the Oak, Lime- 
tree, Poplar, Button-wood (Fig. 71), Moniiug-Glory (Fig. 45, — not 
counting the seed-leaves, which of course arc opposite, there being a pair 
of them) i also iii Indian Corn (Fig. 70), and Iris (Fig. 59). Consequently 
the aidllaiy buds are also alternate, as in Hickory (Fig. 73) ; and the 
btsnches they form alternate, — making a different kind of spmj from the 
other mode, oue braucb shooting on one side of the stem and the next 
on some other. For in the alternate arrangement no leaf is on the same 
aide of the stem as the one next above or next below it. 

55- R'o the symmetry of branches (uulike that of the leaves) is rarely 
complete Tliis is due to several causes, and most commonly to the 

66. Non-development of buds. It never happens tliat all the buds 
grow, ir they did, there might be as many branches in any year as there 
wore lerives the year before. And of those which do begin to grow, a 
Oige portion perish, sooner or later, for want of nourishment, or for waut 
of light, or because those whicli first begin to grow have an advantage, 
which ihey are apt to keep, taking to tliemselves the nourishment of the 
stem, and starving the weaker buds. In the Horse-chestuut (Fig. 72), 
Hickory (Fig. 73), Magnolia, and most other trees with large scaly buds, 
the terminal bud is tlie strongest, and has the advantage in growth ; and 
next in strength are the upjier axillary hnds : while the former continues 
the ahoot of the last year, some of the latlcr give rise to branches, and 
the rest fail to grow. In the Liiae also (Fig. 75), the uppermost axillary 
buds are stronger than the lower; but the terminal bud rarely appears at 
all; m its place the uppermost pair of axillary buds grow, and so each 
rtem branches every year into two, — making a repeatedly two-forked 
ramification, as iu Y'tg. 76. 
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G7, Latent Bnds, Aiillaiy buds tbat do not grow at the praper season, 
■od especially those which make no appearance eiternallj, raaj long remain 
latent, aud at leugth upon a favorable occasion start into growtli, so form- 
ing branches appareuti; out of place 
as they are out of time. The new 
shouts seen springing dircctl; out 
of large stems may sorrietiDies orig. 
inate from such latent buds, which 
^ have preserved their life for years- 
it oomuionlj these arise from 
SS. Adventitious Buds. These 
; buda wliich certain shmbs and 
trees produce anywhere on the sur- 
face of the wood, especiallj where 
it has been injured. They give rise 
to the slender twigs which often 
feather the sides of great branches 
of our American Elms. They aonie- 
times form on tiie root, which natu- 
rally is destitute of buda ; they are 
even found upon some leaves ; and 
thej are sure to appear on the 
trunks and roots of Willows, Pop- 
lars, and Chestnuts, when these are 
wounded or mutilated. Indeed 
Oaier-WiUows atts pollarded, or cut 
off, from time to time, by the culti- 
vator, for Die purpose of produc- 
ing a crop of slender adventitious twiga, suitable for basket-work. Such 
branches, being altogether irregular, of course interfere with the natural 
symmetry of the tree. Another cause of 
irregularity, in cei-tain trees and shrubs, 
is the formation of what are called 

59. Accessory or 8upBrnumeraTy 
Buds, There are cases where two, three, 
or more buda spring from the aiil of a 
leaf, instead of the single one which ia or- 
dinarily found there. Sometimes they are 
placed one over the other, na in the Aris- 

toloehia or Pipe- Vine, and in the Tartarean Honeysuckle (Fig. 77) ; also 
in the Honey-Locust, and in the Walnut and Bultemnt (Fig. 78), where 





fia 77. Tvtsreac Honsyauckle, with lhi«a acceMOt^ bnds In Mob azlL 
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the upper Buperaumcracy biid ia a good way ont of tbe axil and above the 

otiiers. Aud tliis is iicre Htrniiger tLan the olliera, and grows into a 

bruQcb nbith is catuidcrabi; out of Iha axi!, wliilc the lower ami smaller 

ones comiDOnlj do not grow at all. In otiier cases 

three buds staad side bv side in tiie axil, as iu the 

Hawthorn, and tlie Red" Maple (Fig. 79) If liicse 

were all to grow into brauclieB, i.hej would stifle each 

otiier. But some of Ihem are commonly flower-buds ; 

in the Eed Maple, on!; the middle one is a leaf-bud, 

and it does not grow until after those on each side of 

it have expanded i.lic blossoms thej contain. 

60. Sorts of Bods. It may be useful to enumerote 
the kinds of buds wLjcli have been described or men- 
tioned. They are 

Terminal, when they occupy the summit of (or tfir- 
miuale) a alcm, 

Lateral, when they are borne on the side of a stem ; 
of which the regular kind is the 

AxiUarf, situai^id in the axil of a leaf. These an 

AcecMory or Supemjitaerari/, when tiiey are 
ftddilion to the nonnnl solitaij bud; aud these are 
Collateral, when side by side ; Superpoted, when one 
above another; 

Extra-axillary, when they appear above the axil, as 
flome do when superposed, and as occasionally is the 
case when single. 

Naked buda ; those which hare no protecting scales. 

Scaly bads; (hose which have protecting scales, 
vluch are altered leaves or bases of leaves. 

Leaf-buda, contain or give rise to leaves, and develop into a leafy shoot. 

Floaer-iuda, contain or consist of blossoms, and no leaves. 

Miied bads, contain both leaves and blossoms. 

61. Definite annual GrowUi from winter buds ia marked in moat ot 
the shoots from strong buds, such as those oC the Horse-chestnut and 
Hickory (Fig. 72, 73). Such a bud generally contaius, already formed in 
nujiiaturc, all or a great part of the leaves and joints of atem It is to pro- 
duce, mokes its whole growth in length in the course of a few weeka, or 
sometimes even in a few days, and tlie.a forms and ripens its buda for the 
next jcar'a similar growth. 

G3. Indefinite anniutl Orowth, on tlie other hand, b well marked in 
Bueh trees or shrubs as the noiicj-Locust, Sumac, and in sterile shoots of 

Pin. T8. Bi-.ltemut branch, with accessory buils, the nppermoat oliov-B tha axil. 

Tia. 79. Iteil-Maplu branch, with accessory buiU placed side by side. The an- 
nular lines Inward the bme in this and in Fig. 72 are scars ol tbe bud-scalea, and 
Indicate the place of the winter-bud of the preceding year. 
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the Bow, Blackbeny, and Raspberrj. That is, these shoots 
grow all aDiDiDcr loiig, ooti! stopped bj tlic frosts of autumn or some other 
cause. Consequentij the; form anil ripen no termiua! bud protected b/ 
scales, aud the upper aiiUar; buds are produced so late iu the season that 
thej have no time to muture, nor has iheir wood time to soUdifj and ripen. 
Such stems therefore commonly die back from the top in winter, or at 
least alt their upper buds are small and feeble; so the growth of the suc- 
ceeding year takes place main!; from the lower aiilloi; buds, which are 

63, Deliqnescent and EiooTTeat Growth. In the former case, and 
wherever njillar; buds lake the lead, there is, of course, no single main 
■tern, cootiuued ;car after jear in a direct line, but the tniuk i: 



I 




in the branches. Trees so formed eommonlj have ronnded or spreading 
tops. Of such trees with dftiquencenl stems, ^that is, with the trunk 
dissolved, as it were, into the successively divided brauclies, ^ the common 
American EIni (Fig. 80) is a good illustration. 

64. On the other band, the main stem of Firs and Spruces, unless de- 
stroyed bj some injury, is carried on in a direct line throughout the whole 
growth of the tree, by the development year after year of a lermiuBl hud : 
this forms a single, uninterrupted shaft, — an exmtrrmt trunk, which can- 
uot be confounded with tlie branches that proceed from it. Of such Jrpify 
or ipire-thaped trees, the Firs or Spruces arc ehamcterialic and familiar 
examples Tlicre are all gradations between the two modes. 



I 
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Section V, ROOTS. 
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66. It ii a property of stems to produce roots. Sterna do not spring 
{rom roots in ordinarj cases, as is generally tliaugbt, but roots From stems. 
When pereuninl licrbs arise from the ground, as the; do at apring-time, 
thej rise from siiliterruneuii stems. 

66. The Primary Root is a, downward growth from the root-end of 
the canlicle, that is, of the iiiitial stem of the embryo (Fig. 5-7, SI). U 
tt goes OQ to grow it makes a main or lap-rooi, aa in Fig. 37i etc. Some 
plants keep Ibis main rout tliroitghoat 
their whole life, and seud off orilj 
■mall aide branches ; iis in tlie Carrot 
&nd Radish : and in varions trees, like I 
the Oftk, it takes the lead of the 
side -branches for several years, niiless 
accideatally injnred, as a strong tap- 
root. But commonly the main root 
divides off very soon, and is lost iu the 
bniiiehes. Multiple priaarg roots now 
and then oceur, s& in the seedling of 
Pumpkin (Fi^. 37), where a cUister 
is formed even at. the first. Iroin ihe 
root-end of tlie cuulicle. 

67. Secondary Roots are those 
whioli arise from other parts of the 
stem, Auy port of the stem may 
produce tliem, but they most readily coi 
rule they natni-ally spring, or may be n 

young stem, when placed in favorable cirouni stances, — that is, when 
placed in the soil, or otherwise supplied with moisture and screened from 
tlic ligbt. For the special tendency of the root is to avoid the light, seek 
noiature, and ihereforc to bury itself in tfae soil. Fri^galioB by divman, 
vbieh ia so comtnon and so very importaut in cultivation, depends upon 

proclivity of atcms to strike root. St«ma or branches which rentain 
under ground give out roots as freely as roots themselves give off branches. 
Sterna which creep on tlie ground most commonly root at the joints; so 
will most branches when bent to the ground, as iii propagation by lajier- 
inffi and propagation by cuUiaga equally depends upon the tendency of the 
cat end of a shoot to produce roots. Thus, a piece of a plant which, bns 
■tem md leaves, either developed or in the bud, ma; be made to prodnce 
loota, and so became an independent plant. 




ne from the nodes As a general 
lade to spring, from a 
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68. Contrast between Stem and Root. Steins are sscending axes- 
roots are deaceudiiig axes. Stems grow bj tlie succesaiye develop mont trf 
ioteriiodea (la), one after anotiier, eacli leaf-beariug 
at its BUintnil (or uode) ; so that it is of the esseii* 
tial natvje of a stem to bear leaves. Roots bear na 
j leaves, ave not disliuguisbable into uodes and intep* 
nodes, but grow on coaliaiiouslj from liie lower 
Tbej coninioiilj branch freely, but not from 
dcfiuite order. . 

69. Although root*: 
generally do not giva 
rise to stems, aud there- 
fore do not propagsteii 
the plant, exceptions arS* ' 
luimon. For aji 
stems may produce aii*. 
Teulitious buds, so al*^- 
may roots. The roots rf 
Ibe Swi^ct Potato atnonv 
herbs, and of the Osa^ 
Orange Boiong treeP 
freely produce advenli" 
tious buds, developing 
bto leafy shoots ; and 
so these plants are 
propagated by rool-eiit-, 
tiagi. But moat growth* 
of Gubtcrraneau origin 
which pass for roofs are forms of stems, the common Potato for e^taraple. 

70. Hoots of ordinary kiuds and uses may be roughly classed mta JibroM 
and fieshy. 

71. Fibrous Boots, such bb tliose of Indian Com (Pig. 70), of most I 
annuals, and of many perennials, serve only for absorption : these are 
slender or thread-like. Fine roots of this kind, and the fine branebes which 
most roots send out are called Rootlets. 

72. The whole surface of a root absorbs moisture from the soil while fresh 
and new . and the newer roots and rootlets are, the more freely do they im- 
bibe. Accordinglj, as long as tlie plant grows above ground, and eipands 
fresh foliage from which moisture largely escapes into the air, so long it 
conljnues to extend and multiply its roots in the soil beneath, reuewing anil 
increasing the fresh surface for absorbing moistnre, in proportion to th«' 
demand from above. And wlien growth ceases above ground, aud tha 
leaves die and fall, or no longer net, then the roots generally stop groiriitg. 





Fia. S3-8S. Forms of tap-root 
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and their soft and tender tips harden. From this period, tlierefore, until 
growtii begius anew the next spring, is tbe beat time for transplanting ; 
especiallj for trees and shrubs, 

73. The absorbing surface of youug nmts is much increased by the for- 
mation, near their tips, of Root-haiks (Fig. 81, 82), which are delicate 




tubular outgrowths from tlie surface, through the delicate walls of which 
moisture is promptly imbibed. 

7i. Fleshy Roots are those in which the root becomes a storehouse of 
nourishment. Typical root^ of this kind are those of such bienaials as the 
tomip and carrot ; in which the food created in the first season's vege- 
tation is accumulated, to be expended the next season io a vigorous growth 
and a rapid development of flowers, fruit, and seed. By the time the seed 
is matured the exhausted root dies, and with it the whole plant. 

76, Fleshy roots may be single or multiple. The single root of the 
commoner biennials is the primary root, or tap-root, wliich begins to 
thicken in the seedling. Names are given Ut ils shapes, such as 
■ Conieol, when it thickens most at the crown, or where it joins the at«m, 
*nd tapers regularly downwards to a point, as In the Parsnip and Carrot 
(Fig, St) ; 

Turaip-thaped or nBpiform, when greatly thickened above, but abruptly 
becoming slender below ; as the Turnip (fig. 83) ; and 

FlQ. S6, Sweet-Potato plant fomiing thickened roots. Some in the middle are 
jut bcginolag to thicken; one &t ths left has grown more; one utthe rigbt is still 

Plo, S7. Fascicled fnsiforH] roots of a Dahlia : ii, a, buds on boee ot stem. 
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Spindk-'kaped, or Fmifoni, irhea thickest in the middle and tapering to 
butli cods ; as the commou lUdiah (Fig. 85). 

76. Tdeae exariiplea are of primarj rooU. It will be seen thnt turnipa, 
carrola, and the like, are not pure root throughout ; for the caulicle, from 
tlie lower end of whiuli the root grow, purlaiica of the thickening, perhaps 
also some jotuts of stem above : so tlie bud-bearing and growing top is 

77> A fiue example of aecnndurj rnota (67)) some of which remain flbrous 
for absorption, while a few thicken aud atore up food for the next season's 
growth, is furnished hy the Sweet Potato (Pig. 86). As stated above, 
these are used for propagation by cuttings; for an; part will produce ad- 
ventitious buds and shoots. The Diibliu produces fatckled (i. e. clustered) 
fusiform roots of the same kind, at tlie base of tlie- st«in (fig. 67) : but 
these, like moat roota, do not produce adreutitions buds. The buds bj 
which Dahlias are projiagated belong to the surviving base of the stem 
above. 

78. Anoraakma Roots, as thej maj be called, are those whicli aubservo 
other uses tliuu absorption, food-storing, and fixing the plaut to the soil. 

Aerial RooU, i. e. those that strike from stems in ilie open air, are 
common in moiat and warm 
climates, as in the Mai)grove 
which reaches the coast of 
Plortda, the Banyan, atii), less 
strikingly, in some iierbace- 
ous plants, such as Sugar ^ 
Caue, aud even in Indian 
Corn. Such roota reach the 
ground at length, or tend to 
do so. 

Aerial RootUU are abun- 
dantly produced by many 
climbing plants, sucli as the 
Ivy, Poison Ivy, Trumpet 
Creeper, etc., springing from 
the side of stems, wliich t!iey 
faaten to trunks of trees, 
walls, or otiier supports. 
These are used by the plaut 
for climbing. 

79. Epiphytes, or Air- 
Plants (Fig. 8S), are called by the former 




e because commonly growing 

Flo, 83. Epiphytes nf Fluridn and Georgia, viz., Epldenilrum conopsenm, a 
•mall Orchid, auil Tiilanilsia iisneoidGs, tha BO-oiUnd Long Moaa or Hlack Moss, 
wtich Is no mots, bnt a. flowering plant, alno 7". rtcarvala ,- on a bough of Live Oak. 
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upon tlie trnnkB or limbs of other plants ; bj the ktter because, having no 
coaiiectioo witb tlie soil, Ihey must derive their sustenauce from the itir 
only. The; have aerial roots, niiich do not reach the grouud, but are used 
to fix the plant to the surface upon which the plant grows ; thej also take 
a part in absorbing moisture from the air, 

SO. Par&sitic Plants, of which there are various kinds, strike their 
roots, or what sjisuer Id roots, into the tissue of foster plants, or form at- 
tochments with their surfoce, ao as to prej upon their juices. Of this sort 
is the Mistletoe, the seed of which germijmtea ou tlie bough where it 
foils or is left bj birds; mid the forming root penetrates the hark and en- 
grafts itself iuto tbe wood, to which it becomes united as lirmlj as a natural 
hwnoh to its parent stem ; and iudeed the parasite Uvea juat as if it were 
a branch of tbe tree it grows aaid feeds on. A most common parasitic herb 
is the Dodder ; which abounds in low grounds in summer, and coils its 
long and slender, leafless, yellowish stems — resembliug tangled threads of 
jam — round and round the stalks of other plants ; wlierever thej tonch 
piercing the bark with nunute and verj short rootlets in the form of 
suckers, which draw out the nourishing juices of the plants kid hold of. 
Other parasitic plants, like the Beech-drops and Pine-sap, fasten their roots 
under ground upon the roots of neighboring plants, and rob them of their 

81. Some plants are partly parasitic ; while moat of their roots act in 
the ordinary way, others make suckers at their lips which grow fast to the 




roots of other plants and rob them of nourishment. Some of our species ot 
Gerardia do this (Fig. 69). 

82. There are piiaiierogamous plants, like Monotropa or Indian Pipe, 
the roota of which feed mainly on decaying vegetable matter in the soil. 
These are SAPROPHyius, and they imitate Mushrooms and other Fungi in 
their mode of life, 

83. Dnra,tion of Roots, eto. Roots are said to be either annual, bien- 
niat, or perenaial. As respects the first and second, these terms may be 
applied cither to the root or to the plant. 

S4. Annuals, as the name denotes, live for only one year, generally for 



fto. 88. Roots of Yeilow GBrunlia, s( 
A Blueberry, bu ah. 
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onlj a part of ihe jear. Tliej are of oourse herbs; Ihey Bpring from the 
sceij, blossom, mature their fruit and seed, aod tljen die, root and all. An- 
uiuJs of our temperate climates wltli severe wioters sbirt from tbe seed in 
spriug, and periali at or before autuiiia. Where the winter is a moist and 
growing season and the summer is drj, leiiUer amtitah prevail ; their seeds 
germinatE under autumn or wiuter rains, grow uiore or less during winter, 
blossom, fructify, and perish iu the followiug sprmg or summer. Annuals 
are Bbroua-rooted. 

85. Biennials, of which tlie Turnip, Beet, and Carrot are familiar ex- 
amples, grow the first season without blossoming, usually thicken their 
roots, laying up in thcni a stock of nourishment, are quiescent during the 
winter, but shoot vigorously, blossom, and seed the ueitapriug or auramer, 
nioinl; at the eipcnse of the food stored up, and then die completelj. 
Annuals and biennials fiower only ouee ; heuce the; have been called 
Monocarpic (that is, once-fruiting) plants. 

86. Perennials live and hlussoni year after year. A perennial herb, in 
a temperate or cooler climate, usually dies down to Mie ground at the end 
of the season's growth. £ut sublerranGan portions of stem, charged with 
buds, survive to renew the development. Shrubs aod trees are of course 
pereujiiai ; even the stems and brauehes above ground live on and grow 
year after year. 

B7. There are ail gradations between annuals and biennials, and between 
these and perennials, as also between herbs and slimfas ; and the distinc- 
tion between slirubs and trees is quite arbitrary. There are perennial herbs 
and even shrubs of worm climates which are annuals when raised in a cli- 
mate which has a winter, — being destroyed by frost. The Caator-oil plant 
is an example. There are perennial herbs of wliich only small poitionB 
survive, as off-shoots, or, in the Potato, 0.1 tubers, etc. 
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88. The Stem is the axis of the plant, Ihe part which bears all the 
other OT^ns. Branches are seconiiary stems, that is. stems growiag out of 
steins. The stem at the very beginning produces roots, in most plants & 
single root from the base of the embryo-slem, or caulicle. As itis root 
becomes a diicendiHff oju, so the stem, which grows in the opposite dlrcc- 
lioQ is called the ascending arii. Biaing out of the soil, the stent bears 
leaves ; and leaf-bearing is the particular cliaracteristic gf the stem. But 
there are forms of stepis that remain undetground, or make a part of their 
growth there. These do not bear leaves, in the common sense ; jet tbej 
hear rudinLenls of leaves, or what answers to leaves, although not in the 
form of foliage. The so-called stemless or acaulaeent plants are thosa 
which bear no obvious stem {caulu) above ground, but only flower^stalkt, 
and the like. 



fflwnoN 6.] 

89. Stems above grwind, through diffarenoes in duratin, texture, and 
BiEC, form herbs, slirubs, trees, etc., or in other lerms are 

Herbaceouf, djriog'down to the ground every year, or after blossoming. 

Snffrutesemt, slightly woody helow, there aurvivii^ from year to year. 

Suffruticme or Frutetemt, when low sterna are decidedly woody below, 
but herbaceous above. 

Frviieoif or Shrubby, woody, iivicg from year to year, and of considerable 
size, — not, however, more than three or iawr times the height of a man. 

Arboreiesnt, when tree-like in appearance or mode of growth, or ajv 
proaohing a tree in. size, 

Arboreoas, when forming a proper tree-trunk. 

90. As to direction taken in growing, stems may, instead of gi-owing 
upright or erect, be 

Biffuse, that is, loosely spreading in all directiona. 
Declined, when turned or bending over to one aide. 
Beexmbent, reclining on the ground, as if too weak to sland. 
AnuTgent or Atceadiug, rising obliquely upwards. 
Proevmbeni or Praslrate, lying flat on the ground from the first, 
Creepixff or Repeat, prostrate ou or just beneath the ground, and striking 
root, as does the White Clover, the Partridge-berry, etc. 

Ciimiiiig or Scandeat, ascending by clinging to other objects for support, 
whether by texdrits, as do the Pea, Grape- Vine, and Passion-flower and 
Virginia Creeper (Fig. 92, 03) ; by their twisting leaf-stalks, as the Virgin's 
Bower; or bj rootlets, like the Ivy, Poison Ivy, and Trumpet Creeper. 

Twinisg or Voluble, when coiling spirally around other stems or 
supports ; like tlie Morniug-Glory (Fig. 90) and the Hop. 

91. Certain hinds 
' of stemsor branches, 
appropriated to spt- 
cial naes, have re- 
ceived distinct sufastMitire names ; such as the following : 
93, A Calm, or straw-stem, such as that of Grasses 
and Sedges. 

93. A Caudez is the old name for such a peculiar 
trunk as a Palm-stem ; it is also used for an upright and 
thick roots tock. 

9^. A Sncker is a branch rising from stems under 
ground. Such are produced abundantly by the Rose, 
Haspberry, and other plants said to multiply " by the 
r them, we see at once the great 
difference between these subterranean hranclies and real 
roots. Tliey are only creeping branches under ground. 
Remarking how the upright sboota from these branches become separate 
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npl; b; the dving off of the conaecting aadeT-ground stems, the 
gardeoer eipediles the result bj cutting tbem tlirough with his spado. 
That is, he propagates the pkat "bj division," 

95. A Staloa Is a brancli froni above ground, which reclines or becomes 
prostrate and sirikes root (uauallj from the nodes) wherever It rests on the 
B<iil. Tljeoce it maj seud up a vigorous shoot, which has roots of its own, 
aiid becomes an iiidepeudent plant when the conucctiug part dies, as it 
does after a while. Tlie Ciirruut and tlic Gooseberrj oaturall; multiply in 
this wa;, bs well as by suckers (wiiicb are the liaine thing, only the connect- 
ing part is concealed under ground). Siulous must have su^ested the 
operation o( lagering b; beading down and covering with soU branches 
which do not imturallj make stolons ; end after thcj have taken root, as 
Ihej almost alwajs will, the gardener cuts througli the coimectuig stem, 
and so converts a rooting branch into a separate plant 

96. An Ofiset is a short stelon, or sucker with a crown of leaves at the 
end, as in the Houseleek (Fig. 
91), which propagates abundantly 

97. A Runner, of which the 
Strawberry presents the most fa- 
miliar and characteristic example, 
is a long and slender, tendril-like ' 
stolon, or branch from neit the 
ground, destitute of conspicuous 
leaves. Each runner of llie Straw- 
berry, after liaving grown to its full 

length, strikes root from the tip, which Rxes it to tlje grouud, then forms 
a bud there, which develops into a tu.ft of leaves, and so gives rise lo a new 
plant, which sends out new ruuners to act in the sam^ way. In this 
manner a siugle Strawberry plsnAoll spread over a large space, or produoe 
a great number of plants, in the bourse of the summer, all connected at 
first by the slender runners ; but these die in the following winter, if not 
before, and leave the plants as so many separate individuals. 

9S. Tendrilsarebranchesofa very slender sort, like runners, not destined' 
like them for projMigation, and therefore always destitute of buds Or leaves, 
being intended only for climbing. Simple tendrils are such as those of 
Passion-flowers (fig. 93), Compound or hrancliiiig tendrils are borne by 
the Cucumber and Pumpkin, by the Grape- Vine, Virginia Creeper, etc. 

99. A tendril commonly grows straight and outstretehed until it reaches 
some neighboring support, such as a stem, when its ape^ hooks around it 
to secure a Ijold; then the whole tendril shortens itself by coiling up 
spiraLy, and so draws the shoot of the growing plant nearer to the sup- 
porting object. But the tendrils of the Virginia Creeper (Ampelopsia, Fig. 




FiQ. 91. Houaeleek (Sempervivnin), witli affaets 



snara. 
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), aa sJso tlie shorter ones of the Japanese species, effect the object differ- 
ently, namely, by expanding t!ie tips of the tendrils into a flat disk, with 
an adhesive face. Tlus is applied to the supporting object, and it adheres 
y' ^ firmly ; then a 
^^^_y^ shortening of 

""^ the tendril and 

its branches bj eoiling brings up the growing 
shoot close to the support. Tlus is an sdaptar 
tion for climbing mural rocks or walls, or the 
trunks of trees, to which ordinary tendrils are 
unable to cling. The Ivy and Poison Ivy attain 
the same result by means of aerial rootlets (76). 

100. Some tendrils are leaves or parts of 
leaves, as Ihose of the Pea (Ptg. 35). The na- 
ture of the tendril is known by iis position. A 
tendril from tlie axil of a leaf, like tliat of Pas- 
sion-flowers (Fig. 93) is of course a stem, i. e. 
a branch. So is one which teriniiiutes a stem, 
as in the Grape-Vinc. 

101. Spines or Thorns (Fig. 95, 96) are 
CO in mo II I J stuntal and haidened branches 
or tijis of stems or branches, as are those of 
Hawtliom, Honey-Locust, etc. In the Pear 
and Sloe all gradations occur between spines 
and spine-like (spinescent) branches. Spine* 
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prickles, auch u those of Blacltberr; and Roses, 
of tlie bark, and not brancljeB. 

103. EquuIIy strange forms of 
steins are characteristic of the 
Cactus family (Fig. 111). These 
may be better understood by com- 
parison with 

303. Sabterranean Sterna 
and Branches. Tliese are very 
aud various ; but they 
inly (iverlookcd, or else 
are oonfouuded with roots. From 
their situation tboy are out of or 
dinary sight , but they will well 
repay eiamination Fortlie veg- 
etation that IS earned on nudcr 
ground IS liardly less vaned or 
important (han that above ground 
All their forms may be referred to 
four principal kinds : namely, the 
Mizoma {RhizQute) or Boolsloci, 
the Taier, the Corm or solid bulb, 
and the troe Baili. 

10». The Rootstoofc or Rlii- 
zoma, in its simplest form, is 
inerelj u creeping stem or branch 
growing beneath the surface of the soil, c 
this kind are the so-called crteping, timning. 





by which the Mint (Fig. 97), tlie Coucb-grass, or Quick-grass, and many 

other plants, spread so rapidly and widely, ^ " by the 

That these are really sUmt, aud not roots, is evident from the way in vhicb 

Fia. S5. A brandling thorn of Honey Locust, being an iiiiiunited IsaAesB braodi 
developed fi-om *a aciKsaary bncl faj' abate the oiil; nt the cut portion lielow, thres 
otbsr bnds (a) are concealed nndnr tile petiole. 

Fia. 96. Spine of Cockspur Tbom, developed from an axillary bud, as the leaf- 
Bcur below witnesses: an atcesBory leaf-bud is se«D ! 

FiQ. 97. Roatatocka, or creeping BUbtarranBa& bnsches, of the Peppermint. 



jeara, Meanwlule, as tlie 
crease iq uumber, tlje older 
ceasive growths, die off jej 
already rooted side-brauclies ai 
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they grow; from tlieir consisting of a aiiccession of joints; and from tlie 
Ceavea whicL tliey brar on eacb node, in (]je form of small scales, just like 
the lowest oues aa the upright stCQi next the ground. They also pro- 
duce buds in llie B\ila of tlieae scales, showing the scales to be leaves; 
whereas real roots bear neither leaves nor axillary buds. Placed as 
they are in the damp and dark soil, auoh stems naturally produce roots, 
just aa the creeping stem does where it lies ou the surface of the 
ground. 

105. It is easy to see why plants with these running roolstoeks take 
such rapid and wide poascssioii of the soil, and why tijey are ao hard to 
get rid of. They are always pereimiHls; the subterranean ahoota live over 
the first winter, if not longer, and are |ii-ovided with vigorous buds at every 
joint. Some of these buds grow in spniig into upright stems bearing 
foliage, to elaborate nourishment, and at leugtli pioduce blossoms for re- 
production by seed ; wliile many others, fed by uour 
ishment supplied from above, form a new generatioi 
of subterranean shoots ; and this is repeated over am 
over iu the course of the season or in succeeding 

subterranean shoots in- 

ues, connecting the snc- 
r by year, liberating the 

o many separate plants ; and so on indefi- 
nitely. Cutting these running rootstocks into pieces, therefore, by the boe 
or the plough, far from destroying the plant, only accelerates the propaga- 
tion ; it convcrls one mauy-branched pliiut into a great number of separale 
individuals. Cuttiug into pieces only multiplies the pest; for each piece 
(Fig. 93} is already a pkntlet, with its itiots and with a bud in the axil of 
its scale-like leaf (either latent or apparent), and with prepared nourishment 
enough to develop this bud into a leafy stem ; and so a single plant is all the 
more speedily convprted into a muitil.ude. Whereas, when the subterra- 
iiean parts are only roots, cutting away the atem oompletfity destroys 
the plant, except in tlis rather rare ciises where the root freely produces 
: adventitious buds. 

106. Rootstocks are more commonly thickened by the storing up of 
considerable nourishing matler in their tissue. The common species of 

■ Iris (Fig. 164) in ihe gardens have stout rootstocks, which are only partly 
covered, by the soil, and which bear foliage -leaves instead of mere scales, 
closely covering the upper part, while the lower produces roots. As the 
leaves die, year by year, and decay, a scar left in the form of a ring marks 
the place where each leaf was attached, that is, marks so many nodes, 
■epsrated by very short iuternodes. 

107. Some rootatucks are marked with large round soars of a different 




sort, likp lliose of the SolomoQ'a Seal (Fig. 99), which gave this 
tlje plant, from their lookiug aomewhut like the iuipressiira of a seal upon 
was. Here the 
rootsloct sends up 
every spring aa 
I herbaceous stalli 01 
stem, which faean 
foliiLge and 
flowers, aud dies 
iu autumn. The 
seal is the circular 
tear left bj tlie death and separation of the base of the atciut staJk from the 
living rootsEocl:. As Imt one of these is formed each jear, they n 
the limits of a year's growth. The bud at the end of the rootstwdt la the 
figure (which was taken in summer) will grow the nest spring into the 
stalk of the season, which, dying in autumn, will 
leave a aimilar ;car, while another bud trill be formed 
farther on, crowning the ever-advancing summit or 
growing end -if tbe stem. 

108. K? each year's growth of stem nmkes its 
own roots, it soon becomes Independent of the older 
parti. And after a certain age, a portion annnally 
dies o£f behind, about as fast as it increases at the 
growing end, death following life with equal and cer- 
tain step, with only a narrow interval. In vigorous ; 
plants of Solomon's Seal or Iris, ttie living rootstock ( "*7* 
is several inches or a foot in length ; wliile in the ^ 
abort rootstoeii of Trillium or Birthroot (Fig. 100) 
life is reduced to a narrower span. 

109. An upright or short rootatock, like lliis of Trillium, is commonlj 
called a CirnEK (93) ; or wbeu more shortened and thickened it would 
become a oorm. 

110. A Tuber may be ondersfood to be a portion of a rootstook thick- 
ened, and witli buds (eyes) on the sides. Of course, there are all grada- 
tions between a tuber and a rootstock. Helianthus tuberosus, the so-called 
Jerusalem Artichoke (Fig. 101), and the common Potato, are typical and 
familiar examples of the tuber. The stalks by winch the tubers are at- 
tached to the parent stem are at once seen to be differeut from the roots, 
both in appearance and manner of growth. The scales on the tubers are the 
rudiments of leaves ; tlie eyes are tlie buds in their axils. The Pofato-plaut 




Fio, 99. RooWock of Solomon's Seal, with the bottom of the atallc of the 
son, and the bud for the next year's growth. 

Fio. 100. Tha very short rootatoek and strong terminal bud of a Trilliui 
Birthroot. 
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iai three torma of bcancliea : I. Those that bear ordiuarf Icsves expaoded 
in the air, to digest wliat thej gather from it and what the roota gather 
from the soil, and convert k iuto nourishment. S. After a vhile a second 
set of brancliea at the summit of the plant bear flowers^ which form fruit 
and seed out of a portion of the ai 
iahmeat whieh the lea 
pared, 3. But a larger part of this 
uourishmeot, while in a liquid state, 
ia carried down the stem, into a third 
aort of branches under ground, and 
accumulated in the furm of starch at 
their eitcemities, 
which become tu- 
bers, or deposito- 
ries of prepared 
solid food, — just 
as in the Turnip, 
Carrot, and Dah- 
lia (Fig. 83-87), 
it ia deposited ia "^ 

the root. The use of the store of food is obvious enough. In the autumn 
the whole plant dies, except the seeds (if it formed them) and the tubers ; 
and the latter are left disconnected iu the ground. Just as that small 
portiou of nourishing matter which is deposited in the seed feeds the 
embryo when it germinates, so the much lai^r portion deposited in the 
laber nourishes its buds, or ejea, when they hkewise grow, the next 
spring, intci new phmts. Aud tlie great supplj enables them to shoot 
with a greater vigor at tlic heginuing, and to produce a greater amount 
of Tegetution tlian the seedliiig phnt could do in the same space of time ; 
which vegetation in turn maj prepare and store up, in the course of a 
few weelis or months, the largest quantity of solid nourishing material, 
in a form most available for food. Taking advantage of this, nmu 1ms 
transported tlie Potato from the cool Andes of Cliili to other cool climates, 
and makes it yield him a copious supply of food, especially important in 
countries where tlie seasou is too short, or the summer's heat too little, for 
profitably cultivating the principal grain-planta. 

111. The Oorm or Solid Bnlb. lilte that of Cyclamen (Fig. 103), aud 
of Indian Turnip (Fig. 104), is a very short and thick fleshy subterraueau 
stem, often broader tliau high. It sends off roots from its lower end, or rather 
face, leaves and stalks from its upper. TIlc corm of Cyckmen goes o 




enlqrge and to produc 



of flowers aud leaves year after year. 



Flo, 101, Tutors of Helianthm tulierosas, calleii " artichokes." 
Flo, 102. Bolblet-like tabers, audi u are occasionally formed o: 
Potato-plant alrove ground. 



BTEIK. 

That of IndUn Toiidp u formed one yeir and is consumed tlis next. Fig. 
104 represents it in eul; Bummer, haritig belov the corm of last ;ear, from 
vMoh tiie roots have falleu. It is parti; consumed b; the growth of tlie 
stem for the season, and the 
corm of the jeur is forming 
at base of ths stem above ' 
the line of roots. 

113, The corm of Crocus 

(Fig. 105. 106). like tbat 

of its relative Gladiolos, is 

also reproduced annual) j, 

the new ones forming upon 

rm is like a tuber in bud- 

'. from tlie axils of leaves ; but tliese leaves, instead 

"e the sbeathiug bases of I'o- 

!Overed the surface. It 

littviug these sheaths or broad 

solid bulb, tbis soKd part r. 




of the old. Such i 




the summit and sidi 

diiiB from tbe sides, 

of being smnll scales, 

liage-leaves which 

bles a true bulb in 

scales ; but in the < 

or stem makes up the priocipal bulk, 

113, The Bulb, strictly so-called, is a stem like 
a reduced eorm ns to its solid part (or plate) ; 
while the maiu bodj consists of thickened scales, 
which are leaves or leaf-bases, Tbese are like bud- 
acales ; so tliat in fact a bulb is a bud with fleshy 
scales on an exceedingly short st,eni. Compare a 
White Lily bulb (I'lg. 107) witli the strong s 
buds of tlie Hickory and Horse-chestnut ( 
and 73), and the resemblance will [ 
corms, as in tubers and rootstooks, 
food for future growth is deposited i 
while in the bulb, tbe greater part is deposited i; 
tbe bases of the leaves, changing them into thick 
scales, which cloaelj overlap or enclose one another, 

114, A Scaly Balb (like that of the Lilj, Fig. 107, lOB) is one in which 
the scales are thick but comparatively narrow. 

115, A Tunloated or Coated Bulb u one in which the scales enwrap 
eacli other, forming concentric coats or Ujers, as in Hyacinth and Onion. 



era. Compare a *' 

the strong scaly f I V 

liestnut (Fig 72 / *K 

rill appear. In (' I 

ika, the store of ' • J 

ed in the stem; -.„ jT 

t is deposited in * 1 



Flo. 103. Conn of Cj-clamen, much rednced in si 
BtalkB and flower-stallta from the upper. 

FlO. 104. Corm of Indian Turnip (Ariaasms), 

Fio. 105, Corm of a, Croous, the investing shea 
off. The faint croes-lines represent the acars, wheri 
tha nodes •■ the apacea between ara the inlernoiie. 
previous year is underneath { fnrmii^g onea for neil 

FlO. 106. Section of the aame. 



.s from lower face, leaf- 



hs or dead leaf-baaei stripped 
tie leaves were attached, i. fl, 
, Tlie exhausted conn of tha 



) E«crnoN e.] siehs. 

116. Bulblets are very small bulbs growing out of lar^r onec 
imall bulbs produced above ground ou atime pluiits, Ra in the axils o 
leaves of the bulblferous Lilies of ttie gacdena (Fig, 110), and often i 
flower-eluaters of tlie Leek and Onion. They are plaiiJj ^. 
buds with tliiekened scales. Tliej never grow iuto / ,i 
branches, but detach tLemselvca when full grown, fail (o m 
the ground, and take root there to form new plants. I 

117. Consolidated Vegetation. Ajj onlinary herb, 
shrub, or tree is evidently constracted on the plan \l I 
developing an extensive surface. lu fleshy rootstocks, \', 

I 





tubers, cornis, aod bulbs, the more enduring portion of the plant is con- 
centrated, and reduced for the time of struggle (aa against droogbt, heat, 
or cold) to a small amount of 
eiposed surface, aud this mostly 
sheltered in tlie soil. There arc 
many similar consolidated forms 
which are not subterranean. 
Thus plants like the Houseleek 
(Fig. 91)imiUt£abulb. Among 
Cactuses the columnar species of 
Cereus (lig. Ill, 6). may be lik- 
ened to rootstocks. A green rind serv 
surface is as notlJing compared with a 

bulk. Compare, for instance, the hirgest Cactus known, the Giant Cereus 
of the Gila River (Fig. Ill, in the background), which rises to the height 
of fifty or sixty feet, with a common leafy tree of the same height, such 
as that in Fig. 89, and estimate how vastly greater, even without the foli- 
age, the surface of tbe latter is than that of the former. Compare, in the 

Pro. 107. Bnlbofn wild Lily. 108, The same divided iBngthwisB, showing two 
tonain^ buda of the neit generatian. 

FiQ, 109. A groand leaf of Wliite Lily, its bnao (cat across) thickened into a 
bnlb-sfde. This piojnly shows tliat Ijulb-seules are leaves. 

Fio. 110. Bulblets in tbe uiU of leaves cf a Tiget Lily. 



is the purpose of foliage ; but the 
a ordinary bafy plant of the a 
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Mine view, an Opuntia or Prickly-Pear Cactua, its atem and branchet I 
formed of a succession of Ibick and flatteaed joiuta (Pig. Ill, a), whicli 
may be likened to tubers, or au EjiipLyUum (d), having abort and flat 
joints, with an ordinarj leafj slirub or herb of equal siie. And finally, 
in Melon-Cactuses, Echinocactus (c), or other globose forma (whicli may 
be likened to permaneut corms], with their globular or bulb-like shapes, 
we have pLiuta in tbe compactest shape ; their spherical figure being aucb 
as to expose the least possible amount of substance to the air. These are 
adaptations to climates which are very dry, either througbout or for a part 
ot the year. Similariy, bulbous and corm-bearing plants, and the like, ara I 
mples of a form of vegetation which in the growing season may expand a I 
Ini^e surface to the air and light, while during the period of rest the living j 

s reduced to a globe, or solid form of the least possible surface; 
and this protected by its outer coats of dead and dry scales, as well as by 
inder ground. Such are also adapted to a season of droi^bt. 
They largely belong to countries which have a long hot season of little o 
no rain, when, tlicir stalks and foliage above and their roots beneath a 
perishing, the plants rest securely in their co?npact bulbs, flUed v 
nourishment and retainiug their moisture with great tenacity, until tl 
rainy season comes round. Tlien they shoot forth leaves and flowers with ^ 
wonderful rapidity, and what was perhaps a desert of arid sand becc^io. 
^reeu nitU foliage aud gay with blossoms, almost in a day. 




Section VII. LEAVES. 

118. Steus bear !eav(;!i, at definite points (nodes, 13) ; &nd tliee^ are 
produced in a great vaneij of forms, and subserve various uses. Tho 
commonest kind of leaf, wticli therefore maj bfl lalieQ as the type or 
pattern, is an expanded e"^" bodj, bj means of wbicb tlie plant exposea 
lo the air and light the matters whicli it imbibes, enhales certain porLiona, 
Bod assiiuihkiES (he residue into vegetable matter for its nourishment and 
growth. 

lis. But the fact is already familiar (10-30) that leaves occur under 
other forms and serve for otber uses, — for the storage of food alread; 
ftssimilated, as in thickened seed-leaves and bulb-scales ; for covering, as in 
hud-scales ; and still other uses are to be pointed out. Indeed, sumelimes 
the; are of no service to the plant, being reduced to mere scales or rudi- 
meuta, such as those on Ihc rootstocks uf Peppermint (Fig. 97) or the 
tubers of Jerusalem Artichoke (Fig. 101). These may be said to be of 
service only to the botunist, in oxphiining to him the plan upon <«hic!i a 
plant is constructed. 

120. Accordingly, just as a rootstock, or a tuber, or a tendril is a kind 
of st«m, so a bud-scale, or a bulb-scale, or a cotyledon, or a petal of a flower, 
is a kind of leaf. Even in respect to ordinary leaves, it is imtural to use 
the word either iii a wider or in a narrower sense ; as when in one sense 
we say tint a leaf consists of blade and petiole or leaf-stalk, and in another 
sense say that a leaf is petiolcd, or that the leaf of Uepatica is three-lobed. 
The connection should make it plain whctlier by leaf we mean leaf-bhide 
only, or the blade with any other parts it may have. And the student will 
nadily underslaud tljat by leaf in its largest or morphological sense, tho 
botanist means the organ which occupies the place of a leaf, whatever be 
ita fonn or its function. 



% 1. LEAVES AS FOLIAGE. 

131> Thb is tautological; for foliage is simply leaves: bat it ii very 
convenient to speak of typical leaves, or those which serve the plant for 
assimilation, as foliage- leaves, or ordinary leaves. These may first be 
considered, 

IBS, The Parts of a Leaf. Tho ordinary leaf, complete in ita parts, 
eonaisia ot blade, foot-stalk, or petiole, and a pair of ilipuks, 

123. First the Blase or Lauiha, which is the essential part of ordinary 
leaves, that is, of such as serve the purpose of foliage. In structaro it con- 
lists of a softer part, the gretn pulp, called parBHckgina, which is traversed 
Uid snpporled by a fibrous frame, the parts of whicii are called rib» or vein*, 
an account of a eerloiu likeness in armogemeut to the veins of animals. 





Tho vhole HorTace is covered b; a transparent skin, the Epidennii, not 
unlike that whicli covers Ibe surface nf all fresli shoots. 

124. Note lliut tlie leaf-blnUe expands barizouUlly, — that is, nonnikll; 
presents its faces one to the skj, the other to the ground, or when the 
leaf is erect the upper face looks toward Ihe stem that bears it, the lower 
face awaj from it. Wiienever this ia not the case there is BOniethiiig to be 
explained. 

125. The framework conaists of aooti, — a Gbrous and tougb material 
which runs from the stem through the leaf-stalk, when there is one, in the 

form of parallel threads or biuidles of fibres; 
and ia the blade these spread out in a Lori- 
Koutal direction, to fonn the ri6» and eein* 
of the leaf. The slont main brandies of 
the framework are called the Jtiit. When 
there is oulj one, as in Fig. 112, 114, or a 
\ middle one decidedly larger than the rest, 
3 culled the Midrii. The smaller divi- 
18 are termed Veiiu ; and their still 
smaller subdivisions, VeinUti. The ktter 
subdivide agiiiii anil again, until the; be- 
come so fine that tliej are iiiTisible to the 
naked eje. The fibres of which they are 
composed are hollow; forming tubes by 
which the aap is brought into the leaves 
and carried to every part. 

126. Venation is the name ot the mode 
of veining, that is, of the way in which tho 
veins are distributed in the blade. This is 
of two principal kinds ; namely, the paralUl-mined, and the mtted-veiaed. 

127. In Netled-veined (also called ReticHlated) leaves, the veins branch 
off from the main rib or ribs, divide into liner and finer veiiilels, and the 
branches unite with each other to form meshes of network. That is, they 
anaslomoae, as aoatomiats say of the veitis and arteries of the body. The 
Quince-leaf, in Fig. 112, shows this kind of veining in b leaf with a siiigie 
rih. The Maple, Basswood, Plane or Buttouwood (Fig. 74) show it in 
leaves of several ribs. 

128. In paratUl-neiaed leaves, the whole framework consists of slender 
ribs or veins, which niu parallel with each otlier, or neariy so, from the 
base to the point of the leaf, — not dividing and subdividing, nor forming 
meshes, except by minute cross -ve inlets. The leaf of any grass, or that of 
the Lily of the Valley (Fig. 113) will furnish a good illustration. Such 
parallel veins Linnaeus called Neran, and parallel-vebed leaves are aliU 
commonlv called nerued leaves, while those of the other kind are said to bo 



Fm. 112. U'sforth 



'i, blule; p, petioUi 
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teined, — temia whicli it is convenient to use, although these " nerves " 
■nd " reins " are all the same thing, and have no likeness to the nemei and 
little to tlje Tcius of aoimals. 

129. Nelled-neined leavea belong- to plants which have a pair of seed. 
leaves oi ootyledous, such as the Maple (Fig. 30, 21,), Beech (Fig. 33), md 





Ae Khe ; wlule paralkt-neined oi nerved leaves belong to plants mtuh one 
ootjiedon or true seed-leaf; such as the Iris (Fig. 69), and Indian Corn 
(Fig. 70). So that a mere glauce at the leaves generally tells tehat Ihe 
stractare of the embryo is, and refers the plant to one or the other of these 
two grand clasfes, — wliieh is a great convenience. For when plants differ 
from each otlier in some one important respect, tbey usually difTer corres- 
pondingly in otlier respects also, 

130. Paratlei- veined leaves are of two sorts, — one kind, and the com- 
moneat, having tlie ribs or nerves all running from the base to the point of 
tlie leaf, as in the examples already given ; while in another kind they run 



from a midrib to the i 
ponds, in the Banaua, 
warm climates. 

131. Netted-reincd lei 
ready referred to. In c 



1 the 
Calla (Fig. 114), a 



Pickerel-weed of our 
many similar plants of 



are also of two sorts, as In the examples al- 
ase the veins all rise from a single rib (the 
midrib), as in Fig, 113, 116-137. Such leaves are called Feathsr-veitied 
or PeHM'Seiaed, L e. PtKnatet^-veined ; both terms meaning the same thing, 
namely, that the veins are arranged on the sides of the rib like the plume 
f)f a feather on each side of the shat^. 

3. 113, A (pardlel-vebed) leaf of the LUy of tha Valley. 11*. One of tbe 



[aBtnooK 



132. In the other case (as in Fig. 74, 139-133), the veins branEh oft 
from fbTee, five, seven, or iiiue ribs, whioli S])read front the tup of the leaf- 
stalk. Olid run tbn>iig)i the blade like the toes of u web-root^^d bird. Qeuce 
these are said to be PalmaMg or DigitaUly veined, or (aince the ribs di- 
verge like rajs from a centre) Itadiale-neiHtii. 

133. Since the genera! outline of leaves accords with the frame-wort i 
skeleton, it is plain that feather-oeiaed (or penni-veined ) leaves will inclii 
to elongated shapes, or at least to be louger than broad ; while in radiate- 
veined leaves more rouuded forms are to be expected. A glance at the 
following figures shows this. 

131. Forms of Leaves as to Qeneral Ontliue. It is uecessarj to give 
names to the principal shapes, and to define theni rather precisely, ! 
the; aford easj marks for distinguiabiug species. The same terms are 




for all other flattened parts as well, such as petals ; so that they make up a 
great part of the descriptive language of Botany. It will be a good 
cise for young students to look up leaves answering to these names 
definitions. Beginning with the narrower and proceeding to the broadest 
foi-ms, a leaf ia said to be 

Linear (Fig. 115), when narrow, several times longer than wide, and of 
the same breadth throughout. 

Lanceolate, or Lance-slisped, when conspicuously longer than wide, and 
tapering upwards (Fig, 116), or both upwards anii downwards. 

Oblong (Fig. 117), when nearly twice or thrice as long as broad. 
. Elliptical (Fig. IIS) ia oblong with a Aowijig outline, the two ends alike 



ir elliptical with the breadth coor. 
I like a section of a lien's 



Otal is the same as broadly elliptical, o 
siderably move than half the length. 

Oeate (Fig. 119), when the outline i 
lengthwise, the broader end downward. 

Orbinvlar, or Rotund (Fig. 132), cirouhtr in outline, or nearly so. 

135, A leaf which tapers toward the base instead of toward the i^iei 
may be 

Oblanceolate (Fig. 131) when of the lance-shaped form, only more tapering 
toward the base than in the opposite direction. 

Spatulate (Fig. 133) when more rounded above, but tapering thence to a. 
narrow base, like an old.fasiiloued spatula. 




ORDINARY LEAVES. 63 

or iaveraely ovate, that is, ovate with the narrower 

Cviuale or Cunei/orm, that is, 
Wedgs-thapsd (Tig. 124), broad 
above and tapering bj iiearlj 
Htraight lines to na acute angle at 
the base. 

136. As to the Base, its abape 
characterizes several forms, sucli as 
Cordate or Heart-nhaped (Fig. 
120, 129), wlien a leaf of an ovate form, or somethings like it, has the out- 
line of its rounded base 
turned in (forming a 
notch or sinus) wliere the 
stalk is attached. 

Reaiform, or Kiditirf- 
shaped (rig. 131), like 
the last, onlj rounder and 
broader than long. 

AurieulaU, or Eared, 
having a pair of small 
and blunt projections, or 
ears, at the base, aa in one species of Magnolia (Fig. 126). 

Sagittate, marToa-shaped, 
where such ears are acute 
and turned downwards, 
while the main bodj of tlie 
blade tapers upwards to a 
point, aa in the common 
Sagittaria or Arrow-head, 
and in tlia Arrow-leaved 
Poijgouum (Fig. 125). 
Eatlate, at Halberd-shaped, 
when such lobes at the base 
point outwards, giving the 
aliape of the lialberd of tbe 

olden time, as in another 131 ixf 

Polygonum (Fig. 127). 

Felldte, or Shield-shaped (Fig. 132), is tlie name applied to a curious 
modiflcation of the leaf, commonlj of a rounded form, wLere the footstall^ 
is attached to the lower surface, instead of the base, and therefore is natu- 

Fl<3. 121, oblanceolate ; 122, spatulaie ; 123, obovate ; and VU, wedge-aliapod, 
feather-Teiaed, leaves. 
Tm. 126, fagittate ; 12S, auriculatc ; and 127, halberd-shapud or h.iaUtc leavei. 
Via. 12&'132. Various forma of radiate-veined leaves. 
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tall; likened to ■ slueld bome b; tke outitretebed 
Waiershield, the Kelumbium, and tbe Wbite Water-lily, and also the Man- 
drake, exhibit this »ort of leaf. On comparing the ahield-sliaped leaf of 
the common Marsh Pennywort (Fig. 132) with that of another common 
speeies (Fig. 130), it is at oace seen that a sljield-shaped leaf is like a 
kidney-shaped (Fig. 130, 131) or other rounded leaf, with the margins at 
the base brought together and united. 

137. Aa to the Apex, the followmg terms express the principal Taii»- 

Acumixate, Pointed, or Taper-pointed, when the snmoiit is more or less 
prolonged into a narrowed or tapering point; as in Fig. 133. 

Acule, ending iu an Bcnte angle or not prolonged point ; Fig. 134. 

Obtuse, with a binnt or rounded apex; aa in Fig. 135, eta. 

Trumale, with the end aa if cut off square -, as in Fig. 136. 

Eetme, witli rounded summit slightly indented, forming a very shallow 
notdi, aa in Fig. 137. 

Emarginate, or Notched, indented at Ihe end 
Fig. 138. 

Obcordatf, that is, inversely li cart-shaped, where a 
deeply notched at the end (Fig. 139), as in White Ch 
BO as to resemble a cordate leaf inverted. 

Cuxpidale, tipped with a sharp and rigid point ; as in Fig> 110. 

Maeronale, abruptly tipped with a small and short point, like a mere 
projection of the midrib ; as in Fig. 141. , 

Arislale, Aten-pointtd, and BristU-painled, are terms used when tlus 
mucronatfi point is extended into a longer bristle-form or slender appen- 
dage. 

The first six of these terms can be applied to the lower as well as to the 
upper end of a leaf or other organ. The others belong to the apes only. 

mmmsmm 
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obovate leaf is more 
er and "Wood-sorrel ; 



Simple leaues, those in which the blade is of one piece, however much 
it may be cut up, and 

Compotcnd Leaves, those in wliich the blade consists of two or aore sep- 
arate pieces, upon a common Iraf-stalk or support. Yet between these two 
kinds every intei-mcdiate gradation is to Im met with. 

139. As to Particular Outlines of Simple Leaves (and the same 
applies to their separate parts), they are 



Fig. 133-141. Farms of the apei of leaves. 
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Eslirt, when tlipir general outline is completely filled out, so that the 
margin is so even line, without Iteth or uotehes. 

Serrate, or Sate-toofhed, when the mar^n only is cut into sharp tci'th 
like those of a saw, and poiutiug forwards as u Fig 1^3 

Bailafe,or Toothed, 
when such lectb point 
ontwards, instead of 
forwards ; aa in Fig. 
143. 

Crenate, or Seal- 
loped, when the teetk \ 
are broad and round- I 
ed; aainFig. IM. \ 

Rtpaitd, Undulate, \ 
or Waeg, when the \ -^ 
margin of the leaf \x* 
focnis a wavy line, 
bending slightly in- 
wards and outaards ii 

SixKote, when the iciargin is e 
and outwards ; as in Fig. 116. 

lueitej. Cut, or Jagged, when the mai^ii 
irreg^r feelh or incisions; as in Fig. 147- 
• Lobed, when deeply eut, Tlien the pieces are in a general way called 
Lobes- The number of the lobes b brieSy expressed by the phrase tvio- 
lehed, tkree-lobed.fitt-hbed, stai^-lobed, etc., aa the ease may be. 

140. When the depth and character of Ihe lobing needs to be more par- 
ticularly specified, the following terms are employed, vie. : — 

Loied, in a s|>eeial sense, when the incisious do not extend deeper than 
about iialf-waj between the mai^in Hjid the centre of the blade, if so fur, 
and are more or less rounded ; as iu the lesTcs of the Post-Oak, Fig. 14S, 
dad the Hepatica, Fig. 15S. 

Cle/t, wheu ihe incisions extend half way down or more, and especially 
when they arc sharp; as in Fig. \i9, 153. A-Qd the phrases two-elefl, or, 
in the Latin form, bijid, three-elefl or frijid, foar-clejt or quadnfid, Jive- 
cUft or qainqaefid, eta., or m/tny-cle/t, in the Latin form, multifid, — express 
the number of the Segm^nlt, or portions. 

Parted, when the incisions are still deeper, but yet do not quite reach 
to the midrib or the base of the blade; as in Fig. 150, 154. And 
the terms tmo-parted, three-parted, etc., express tlie number of such 
divisions. 

Dieided, when the incisions extend quite to the midrib, as in the lower 
part of Fig. 151, or to the leaf-stalk, as in Fig. 155 ; which really makes the 



turned inwards 



s out into sharp, deep, and 
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leaf compound. Here, using the Latin form, the kaS is said to be bisected, 
Ifiieeled (Tig, 1S5), etc, according to Lhe number of tlie diviaions. 

111. The Uoda of Lobing or DiTisioa corresponda hi Ihut of the 
veiiiing, whetlier pinnatel^ nfi/ird or palaialely veined. In tie former the 
uotclies or mciaions, or siaase/, coming between tite priucipal »eiua or ribs 
arc directed toward iLe midrib ; in the latter tlicj are directed toward the 
npci of tlie petiole ; as the figures siioir. 

142. So degree and mode of division maj be terselj expressed in brief 
jiliraaes. Thus, in tlie four upper ^gures of pinnatel; veined leaves, the 
first is said to be pixnalcly lobed (iu the apeeinl sense), the second piixnatelg 
eleji (or piiinalifid ii> Latin form), tLe third pianatflg parted, tlie fonttb 
piiuialely divided, a\ pinnatiieeted. 

143. CorreapoudiEglj in the lower row, of palumtelj veined leaves, tlie 
Erst is palmalelg lobed, the second palmalely clefl, the third palmatelg 
parted, the fourth palmalelg divided. Or, in other language of tlie same 
meaning (but now lens coininouly employed), liicy are said to be digitaUlj 
lolied, clejt, parted, or dieided. 

144. The number of llie divisions ot lobes may come into (he pbrose. 
Thus in the four last nanied fibres the leaves are respectively palaalelf 




liree-lobed, Ihree-elejl (or trifd), Ihree-parled, three-dicided, or betfer {in 
Latin form), Iriueied. And so for higher numbers, taJiee.lobed,Jive-cUft, 

Fia,146, pinnBtcty tobed; 149, piunately clett; 160, pinnBtely pattnd; ISl, 
pinna.tely divideil, luavea. 

Fib. 16S, paliiiatsly three-lobed ; 153, palmntely thTse-ck'ft) 154, pabnately 
three pBTted] 1£>fi, patroately three-divided or trisected, leaves. 
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ftii., up to aaiqi-loied, manji'cle/l or multijid, etc. The same mode of ex- 
pression may be used for pinnately lobed leaves, as pinaatel^ T-lobed, -deft, 
•parted, eta. 

145. The divisions, lobes, etc., may themselves be entire (without teeth 
or notches), or serrate, or otlierwise toothed or incised; or lobed, oleft, 
parted, etc : in the latter oMses making twice pinnatifid, twice palmatelg or 
piH»aiefy lobed, parted, or dicided leaves, etc. From these illustratioua 
one will perceive how tlie botauiat, in two or three words, may describe 
Buy one of the almost endlessly diversified shapes of leaves, so as to give a 
clear asd definite idea of it. 

146. Oompound Leaves. A coinpouud leaf is one which has its blade 
\sx entirely separate pacts, each usually witli a stalklet of its own ; and the 
stalklet is oRaa Jointed (oc arliculaled) with the main leaf-stalk, just as this 




js jolEted with the stem. When this is the ease, there is no doubt that 
the leaf is compound. But wbeu the pieces have no stalkleta, and are not 
jointed with the main leafstalk, it may be considered either as a divided 
simple leaf, or a compound leaf, according to the cireumatances. This is 
a matter of uumes where all intermediate forms may be expected. 

147. While the pieces or projecting parts of a simple leaf-blade are 
called Lo6e>, or iu deeply cut leaves, etc., Seffmeats, or XHnision^, the sep- 
arate pieces or blades of a compound leaf are called Leaflets. 

1*8. Compound leaves are of two principal kinda, namely, the PinaaU 
and the Palmate ; answering lo the two modes of veioing in reticulated 
leaves, and to the two sorts of lobed or divided leaves (141). 

149. Pinnate leaves are those in which the leaflets are arranged no the 
sides of a main leaf-stalk; as iu Fig. 156-158. They answer to the 





fealier-BciHed (i, e. pinnalely-eeiited) simple leaf; as will be seen at onco I 
on comparing tlie forma. Tlie kafiett of the former answer to tUe hba or 
dititiom of the latter ; aud tbe continuation of the petiole, along vhich the 
leallets arc arranged, amwerb to the midrib of the simple leaf. 

ISO. Three sorts of pinnate leaves are here given. Fig. 1S6 ia pinxaU ' 
rilA an odd or end Usjtet, as in the Common Locust and the Aah. Fig. 
157 is pinnate vith a tendril at the end, iu place of the odd leaflet, as in 
[he Vetches and the Pea. Fig. 158 is erenlj or abrupttg piiumte, as in the 
Honej.Iiocust. 

161. Falaaie (also niuned Digitate) leaves are those in which the leaf- 
lets are all borne on Ihe tip of the leaf- 
stalk, as in tbe Lupuie, the Common 
Clover, the Virginia Creeper {Fig. 93), 
and tbe Horse-cbestnut and Bnckeje 
(Fig. 153). Tbej evidently answer to 
tlie radiale-ceined or palmalefy-veined 
simple leaf. That is, Ihe Clover-leaf of 
:e leaflets is tlie same as a pftlmatelj 
. three-ribbed leaf cut Juto three separate 
leaflets. Aud such a simple fivc-lobed 
as that of the Sugar-Maple, if 
more cut, m as to septirate the parts, 
would prodtice a palmate leaf uf Ave Inaflets, like that of the Hoi'seHshesttiut 
or Buckeye. 

152. Eilber sort of compound leaf may have auy number of lenftets; jet 
Dalmate leaves cannot well have a great iiiatiy, siuce they are all crowded 
together oti ttie end of tbe maiu leaf-stalk. Some Lupines bare nit 
eleven; the Horse-chestnut Itas seven, the Sweet Buckeye more commonly 
five, tlie Clover three. A piiioate leaf often has only seven or flve leaflets, 
or only three, as in Beans of the genus Pliftseolns, etc. ; in some rarer cases 
only t'-o; in the Orange aud Lemon and also in the common Barberry i 
there rf only one ! The Joint at the place where the leaflet is uuitcd with 
the petiole distinguishes this last case from a simple leaf. In other specie* 
of these genera the lateral leaflets also are present. 

153. Tlie leaflela of a compound leaf may be eitlier entire (as in Fig. 
126-138), or serrate, or lobed, cleft, parted, etc. ; in fact, may present all 
tbe variations of simple leaves, and tbe same terms equally apply to them. 

15*. Wlien tbe division is carried so far as to separate what would be 
one leaflet into two. tbree, or several, the leaf becomes doMji or Iwiet 
ampound, either piTtnatelg or palmalelg, as tbe case may be. For example, 
while the clustered leaves of tbe Honey-Locust are ainplf pianale, that is, 
once pinnate, those on new shoots are biptnnate, or tteice pinnate, as in 
Fig. 160. When these leaflets are again divided in tbe same way, the leaf 

Flo. ISe. Palmate (or digitate) leaf of five leaflet*, of the Sweet Buckera 
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becomes tkriee piitnaCe, or Mpinitate, as ia many Acacioa. Tbe first divi- 
SLDDS are caJled Piiuue; tba otbers, Piitnules; and tho last, or little blades 
themselves, Leaflets. 

156. So tbepalmateleafiifagsia 
compouuded in the same whj, be- 
comes twice pcdsiate, or, as we saj 
when the divisious are ia threes, 
laiee ternate (in Latin form btter- 
nate) ; if a third time compoundEd, 
thrice lernale or tritemate. But 
if the division goca still further, 
or if the degree is variable, we 
simpl; saj tliat the leaf is deeom- 
pound; either palmatelj or pio- 
natelj decompound, as tbe case , 
msy be. Thus, Fig. 161 repre- 
sents a four liniGs tematelj' com- 
pound (in other words a teraateif 
dectmponiid) leaf of a common 
Meadow Rue. 

156. When the botanist, in de- 
scribing leaves, wishes to express 
tbe nntnber of the leaflets, he 
may use terms like these ; — 

UmJbUolaie, for a compound 
leaf of a siugle leaflet ; from the 
Latin. KftvM, one, and /oliolunt, lAO 

leaflet. 
Bi/oliolate, of two leaflets, from the Latin bU, twice, taii/olioUin, leaflet, 
Trifoliolate (or tentats), of three leaf- 
lets, as the Clover ; and so on. 

PalmaMy bi/olioials, trifoliolate, 
quadri/oliaie, pluri/aliolaie (of several 
leafleLs), etc, : or else 

Piitiuilely 6i-, tri~, quadri-, or pluri- 
foKolale (that is, of two, three, four, 
five, or sevei-al leaflets}, as the case 
may be: these are terse ways of de- 
noting in single phrases both the num- 
ber of leaflets and the kind of com- 
^'" pounding. 

IS?. Of foliage-leaves having certain peculiarities in structure, the 
following may be noted : — 





■ following 



Fio. 160. A twice.pinnate (abruptly) leaf ol the Honey-Loons' 
Fio. ISl. Temately decompouail IraX of Ut.tAQ'n ^au. 
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IS?. Perfoliate Leaves. la tbeK the stem that bean tbem seema to 
an tliiDugh llic blitile of ibe leaf, more or less above its l>aae. A commoa 





BeltTort (Uvuiaria perfolbla, 1 

163) U a familiar illuatmtioii. Tbi 

loner and earlier leaves show il 

distiactlj. Later, the plant is apt 

to produce some leaves merelj 

clasping the stem bj Ibe sessile 

and heart-shaped base, aad the 

latest maj bo merelj sessile. So 

the series explains the jieculiaritj : 

in the formation of the leaf the 

bases, meeting around the sLeii), grov together tliere, 

159. Connate-perfollate. Such are the upper leaves of true Honey- 
saoklea. Here (Fig. 163) of the opposite and sessile leaves, some pairs, 
especially the nppermoat, in the course of their formation unite around the 
stem, wliich thus seema to rnn through the disk formed bj their union. 

160. Eqtutant Leaves. Wilde ordiimry leaves spread borizontallj, and 
preseat one face to the sk; and the other to the earth, there are some that 
present thetr tip to tlie sky, nod their faces right and left to the hoi-izou. 
Among these are the equila/ii leaves of the Iris or Elower-de-Luce. In- 
spection shows that eacli leaf was formed na i( /aided logetkfr leagthviiin. 



Fio. ]62. AanniincrlimiichofUvalariaperW 
conlttte-clanping, uppermost simply sessile. 

FlO. 163. Branch of a Honoysuckle, with qumiate-perfDliBte 1 
Flo. 16J. Roatstock and eiiuitant leaves of Iris. IflS. A 
clunlar or letret at Um bottom, showing Uie ei^iutatiou. 



leaves perfoliate, upper 
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80 that what would be the npper surface is within, and all grown together, 
except neit the bottom, where eaclj leaC covers the ueit joungcr oae. It 
was from their straddling over eacli other, like a man on horseback (as is 
seen in the cross-section, fig. 165), lliat Liuiiieus, with his hvtlj laucj, 
called these EquUaitl leaves, 
' 161. Leaves with no distinotion of Petiole and Blade. 
of Iris just Dieutioucd show ouc form of tUb, The flat but n 
of Jonquils, Daffodils, and tlie ojlindrieal leaf of Onions 
are other instances. Needle-shaped leaves, like those of ' 
the Fine, Larch, and Spruce, and the awt-ahaped us 
as the ieak-i&aped leaves of Junipers, Hed Cedar, and 3;i^ 
Arbor-Titte (Fig. 166), are examples. 

163. Phyllodia. Sometimes an expanded /wtofc takes 
the place of the blade; as in numerous New Holland 
Acacias, some of which are now common in greenhousea. 
Such counterfeit blades are called piylhdia, — meaniug 
leaf-like bodies. They may be known from true blades 
bj their standing edgewise, their niai^ns being directed 
upwards and dowuwards ; while in true blades the faces 
look upwards and dowiiirards; esceptiag in cquitant 
leaves, as already explained. 

163. Falsely Vertical Leaves. These are apparent 
exceptions to the rule, the blade standing edgewise in- 
stead of flatwise to the stem ; but this position comes m 

bj a twist of the stalk or the base of tie 
blade. Such leaves present the two 
faces about equally to the light. The 
Compass-plant (Silphiura laciniatnm) ia 
an example. So also the leaves of Bolto- 
lUD, of Wild Lettuce, and of a vast num- 
ber of Australian Myrtaceous shrubs 
and trees, which much resemble the 
phyllodia of the Aeacias of the samq 
country. They are familiar in Calliste- 
moii. the Bottle-brush Flower, and in 
Eucalyptus. But in the latter the 
leaves of the young tree have the nor- 
mal structure and i)osition. 
1G4, Oladophylla, meaning branch- 
havet. The foliage of Ruscus (the Butcher's Broom of Europe) and ot 
ilyrsiphyllura of South Africa (cultivated for decoration uuder the false 

Fio. 166. BrancL of Arbor-VitsB, with nwl-sliaped anil scale-shaped leareo. 
Flo. 167. The amTjiguous leaf f (cladophylluin) of Myraiphyllum. 
if Ruscus, or Butcher's Broom. 





63 LKAVra. [SBOTIOK 1- 

name of Smilai) is peculiar and puzeliDg. If these Wades (Fig. 167, 168) 
are reall^i leaves, tliej are most anomulQUS in occupjiiig tbe axil of another 
leaf, reduced to a little acule. Yet tliej have au upper and lower face, as 
leaves sliould, altliougb tijej soou twist, so as to atuud more or less edge- 
wise. If lliej are braociies wLicli buve assumed exactly the form aud 
office of leaves, tbej aie cquallj extraordinary in not making any further 
development. But in Ruscus, flowers are borne on one face, in tlie axil 
of a little scale : aud this would seem to setlle that thej are branches. In 
Asparagus just the same things as to position are thread -shaped and 
branch-like. 



5 2, LEAVES OF SPECIAL CONFORMATION AND tJBB. 

165. Leaves for Storage. A leaf may at the same time serve botii 
ordinary and special uses. Tbns in those leaves of Lilies, sucli as the 
common While Lily, which spring from the bulb, tbe upper and green part 
serves for foliage 
and ekkboratfs 
aounsbment, while 
the thickened por- 
tion or bud-scale 
beneath sexTes for 
the storage of this 
nourishment. The 
thread -a lisped leaf 
of the Onion ful- 
fils tbe same office, 
and tbe nourishing 
matter it prepares 
is deposited in 
its sbeathiag base, 
forming one of the 
concentric layers of 
the onion. Alien 
p p tl eir store to the grow- 
id dry h ks. In a Houseleek, 
of the fleshy leaf indi- 
k f f 1 g th d per-seated while por- 
f tb hm t vhich the green EaiTMM 

d lea t 1 d ns are commonly used 

f th M pi tl Pea, Horse .ohestnat. 




these layers, so tb k 
ing parts Nvithm th y 



th grc col f t! 



tion within is th t 



FlO. 109. A yoimg Agari 



)r Cantury-plant; Beahy-leBvod. 
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BwuT^ve faint indications of serrice as foliage also, cliieflj in nia. Still 

others, as in the Pumpkb and Flas, liaving served for storage, develop 

into the Qi-st efficient foliage. Compate 

11, 23-30, and the accompauyiiig figures. 





protect tlie forming parts within. Hav- 
ing fuliilted this purpose they commonly 
fall off wlieii the shoot develops and 
foliage -leaves appear. Occoslonally, as 
in Fig, 170, there is a transition of bud- 
scales to leaves, wliich reveals the nature 
of the former. The Lilac also shows a 
gradation from bud-scale to simple leaf. 
In Comus ftorida (the Flowering Dog- 
wood), the four bud-scales which through 
the winter protect the head of forming 
and then the base of each grows out into 



Fro. 170. Series of bud-ncales and foliaga-leavea from a lieveloping bad of the 
Low Sweet Buckeye (lEscalua parviflora), showing nearly complete gradation, from 
t isale to a, componud leaf of five leaflets ; and that the scales auswcr to reduced 

na 171. Shoot of common Barheny, showing transition of l'oliage~l eaves I« 
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B large and very ihowy petal-like leaf; the original dry scale is apparent 
ia tlie notcli at ttie apex. 

167. Leaves as Spines oecur in aevpral plants. A familiar instance is 
that of tliE aommoii Barberr; {Fig. 171)< Iq almost anj summer shoot, 
most of the gradations niaj be seen between the ordinary leaves, witli 
sliarp bristly teeth, and leaves wbich are reduced to a branching spiue or 
tlioro. The fact that the spines of tlie Earberry produce a leaf-bud in 
Ibeir axil also proves them tu be leuv 




168. Leaves for CUmblng are various in adaptation. True Eoliage- 
leaves serve this purpose ; as In Glorioaa, where the attenoated tip of a sim- 
ple leaf (otherwise like that of a Lily) books around a eapporting object ; 
or in Solaaum jasminoides of the gardens (Fig. 173), and in Maurandia, 
etc., where the leaf-atalk coils round and clings to a support; or in the 
compound leaves of Clematis aud of Adlumia, in which both tbe leaflets 
and their stalks book or coil around the support. 

169. Or in a compound leaf, as in the Pea aud roost Vetches, and in 
Cobiea, while the lower leaflets serve for foliage, some of the uppermost 
are developed aa tendrils for climbing (Fig. 167). In the common Pea this 
is so with all but one or two pairs of leaflets. 

170. In one European Vetch, the leaflets are wanting and the whole 
petiole is a tendril, while the stipules become the only foliage (Fig. 173). 

171. Leaves aa Pitchers, or hollow tubes, are familiar in the common 
Pitcher-plant or Side-saddle Plower (Sarracenia, Pig. 174) of our boga. 
Tliese pitchers are generally half full of water, in which flies aud other in- 
tecta are drowned, often in such numbers as to make a rich manure for the 
pUnt. More curious are some of the southern species of Sarracenia, which 
seem to be specially adapted to the capture and destruction of flies and 
other insects. 



BFKCUI. LEAVJiS. 



172. The leaf of Nepenthea (Kg. 175) combines three stractures and 
ues. Tbe expanded {lart below is foliage : this tapers iuto s. tendril for 




climbing ; and this bears a pitcher with a lid. 
haps digested, in the pitcher. 

173. Leaves as Fly-traps, Insects are 
caught in another whj, and more cxpcrllj, 
bj tbe most EXlraordiiiarj of all the plants 
of this oountrj, the Dioniea or Venus's Fly- 
trap, whieli grows in tbe sandy bogs around 
TViimington, Nortli Carolina. Here (Fig. 
176) each leaf beurs at its aanuiiit aa appen- 
dage which opens and shuts, in shape some- 
tliing like a steel-trap, and operating much 
like one. For when open, uo'aooner does 
a flj alight on its auiiace, and brush against 
anyone of the two or three bristles that grow 
there, than the trap auddenlj closes, captur- 
ing the intruder. If the llj escapes, the trap 
soon slowly opens, and is ready for another 
capture. When retained, the insect is afier 
% time moistened by u secretion from mi- 
' nute glands of the inner suiface, and is 
digested. In the yarions species of Droseni 




■ Sundew 



insects a 



B, Bod another with tbo upper part 



Fro, 174. Leaf of SarraccDia purj 

Flo. ITS. Lent of Nepenthesj foliage, tendril, and pitcher combined. 

FiQ. 176, Lmvcs of Dionaoa ; the trap in one of them open, fn tha othtTs dsiwA.. 
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b; sttokie;; last to vrry viscid glands at the tip of strong bristles, sided , 
by adjacent gland-lipped bristles wliicU bend slowly toward tbe captive 
The use of such adaptations and operations may be explained ia another I 
place. 



i 3. STIPULES. 

174. A leaf complete b ita parts consists oF blade, leaf-^talk or petiole, 
a pair of stipules. But most leaves have either fugacious or minute 
at all; many have no petiole (the blade being seifile or 
have no clear distinclion of blade and petiole; and many 
of these, such as those of the Oiiion and 
all pliyllodia (1 66), cousist of petiole only, 
175. The base of the petiole is apt to 
be broadened and flatteued, sometimes 
intoihin margins, sometimes intoasheatli 
ithich embraces the stem at the point of 
attachmeut. 




1 




113. 



176. SUpnles are sucli appendf^es, either wbolly or partly separated 
the petiole. When quite separate they are said to he/ree, as in Fig. 
Wben attached to the base of tlie petiole, as ia llie Kflse and in 



s, adhering to the base of p, tbe petialei 



Pia.177. Leafof Red Clover: 
b, bUde of tbree leslletti. 

FiQ. 178. Part of atem and leaf of Frince's-Fenther (Polygonom orientale) with 
the unitud sbGatbing stipules formiug a ebejith oi 

Pio. 179. Tenninalvioterbudof MagDDlianmbrBlla,DatiiralEize. ISO. Outer- 
mast bud -scale (pair of stipules) detached. 




BEonoa 7.1 



THEIR ASRANGEHEKT. 



Oover (Fig. 1?7)t tliej are adtale. When Hie two stipules anite and 
sbeathe tlie stem above tlie insertion, as in Foljrgonum (Fig. 178), tliis 
^ostb is called an Oerea, from its likeness to a greave or legglu, 

177. In Grnssea, when tbe sheathing base of the leaf ma; answer to 
petiole, the summit of the sheath commonly projects as a thin and ahort 
membrane, like an oerea: this is called a Ligfli or Ligule. 

178. When stipules are green and leaf-like the; act as so ranch roliage. 
Ici tbe Pea the; niako up no small part of the actual foliage. In a related 
pUnl (Lathirrus Aphaca, Fig. 173), the; make the whole of it, tbe remainder 
of the leaf being tendril. 

179. In many trees the stipules are the hud-scales, as in the Beech, and 
very conspicuously in the Fig-tree, Tulip-tree, and Magnolia (Fig. 179). 
These fall off as the leaves uufold. 

180. Tbe stipules are spines or prickles in Locast and several other 
LeKuaninons trees and sbrubs ; the; are tendrils ia Siiiilas or Greenbrier 



S 4. THE ARRANGEMENT OF UlAVES. 

181. Phyllotaxy, meaning leaf-arrangement, is the study of tbe positiou 
o*^ leaves, or parts answering to leaves, upon the atem. 

182. Tbe technical name for the attacbinent of leaves to the atem b 




the uufrlioK. Leaves (as alread; noticed, 54) arc inserled in three modes. 
Tbe; are 

AUemale (Fig, 181), that is, one after anotlier, or in other words, with 
only a single leaf to each node ; 

Fia. 181. Alternate leavcB, in Luiden, Lime-tree, or Baxawowl. 
Fin. 182. OppDsitc leavta, in Red Maplis. 




OppotiU (Fig. 182), when there is a pair to eacli uode, tlie two leaves in 
tills case being alwaja oa oppoaite sides of tlie stem ; 
Wkorled or FertiHUate (Fig, 183) when there are more than two leaves 
on a UQile, in which case they divide the circle 
equally between ihem, forming a Veriicel or wborL 
When there are three leavua iu the whorl, the 
leaves are one third of the circumference apart; 
when four, one quarter, and so on. So the plan of 
oyposite leaves, which is very common, is merely 
(hat of whorled leaves, with tlic fewest leaves to the 
whorl, namely, two. 

183. Ill both modes and iu all tlieir modifica- 
tions, the arrangement is such as to distribute the 
leaves systematically and iu a way to give them a 
gocd exposure to the light. 
184. No two or more leaves ever grow from the same point. The so- 
cailed Fascicled or Clattered leaves are 
the loaves of a branch the nodes of 
which at« very close, just as they are 
iu the bud, so keeping the leaves in 
cluster. This is evident iu the Lurch 
(Fig. 184), in which eKamimtCion shows 
each cluster to be made up of nume- 
rous leaves crowded on a spur or short 
axis. In spring there are only such 
clusters ; but in summer some of them , 
leugtlien into ordinary shoots with scat- 
tered altemate leaves. So, likewise, 
each cluster of two or three needle- 
siiaped leaves in I'itch Pines (as 

ill White Pine, answers to a similar extremely short branch, 
springing from the axil of a tliin and slender scale, which „ 
represents a leaf of tlie main shoot. For Fines produce two 
kinds of leaves, — 1. primary, the proper leaves of the shoots, 
not as foliage, but in the shape of delicate scales in spring, 
which soon tall away; and 2, secondary, \he fascicled Xe&yes, 
from buds io the asils of the former, and these form the 
actual foliage. 



Fig. 183. Whorladle 
Fjo, 184. A piece o< 

FiQ. 186. Piece at n bi-ancli nt Pitcli Pine, with threa leaves in a fasciela or boiv 
die, in the axil of a thin scale which answers to a primary leaf. The bundle Is sur- 
rounded at the base by a aliort sheaUi, formtd of the delicate scales of the axillary 
bud. 




uTig. 185), or of live leaves 




Larch with two clusters (fascicles) of nameroiu 
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195. Phyllotaiy of Alternate Leaves. Alternate leares are distrib- 
uted along the stem iu an order wkicli is niufonn for racli species. Tha 
arraugemedt in all its modifications is said to be spiral, because, if we 
draw n line from the insertion (i. e. tile point of attacliment) of one leaf to 
tbat of the ne\t, and so on, this liae will wind apirally aroiuid the stem as 
it rises, and in the same species will always bear the same number of leaves 
for eaoli turn round the stem. That is, any two successive leaves will 
always fae separated from each other bj an equal portion of the eircum- 
ference of the stem. Tlie distance ia height between any two leaves may 
Tar; greatly, even on the same shoot, for that depends upon the length of 
the itttenodcs, or spaces between the leaves ; but the distauce as measut^ 
around the circumference (in other words, the Amjuiar Bimrgeiue, o 
formed by any two successive leaves) is uniformly the si 

186. Two-ranked, The greatest poa bed 
Tergence is, of course, where tbe second af sta da 
on exactly tbe opposite side of the stem from be 
first, the third on tbe side opposite tl e seco d and 
therefore over tlie first, and the fo ho t e 
second. This brings all the leaves into two ra ks 
one on one side of the stem aod one o he o he 
and ia therefore called the Two-ranked arrang ment. 
It occurs in all Grasses, ^iii Indian Co for ii 
stance; also, in the Baaswood (Fig 181) T s 
is the simplest of all arrangements, a d t e o e 
which most widely distributes success e lea s but 
which therefore gives tbe fewest vert c J uka 
Kest is the 

187- Three-ranked arrangement, a of 

Sedges, and of Wliila Hellebore. He e he oud 
leaf is placed oae third of tlie way ro ni he ten 
the third leaf two thirds of the way round he fourth 
leaf accordingly directly over the first, he fif o e 
the second, and so on. That is, three leaves occn 
in each turn round tlie stem, and lliey a e separated 
from each other by one third of the c oun fe ence 
(Fig. 186, 187.) 

188. rive-ranked is the next in the se es a d 
the most common. It is seen in th App e 1 188 
and the greater number of trees and sliruba. In Ihia c! 
from leaf to leaf will pass twice round the stem bcfori 




Lse the hue traced 
; it reaches a leaf 



Fio. 186. Three-ranked ammgeiDcnt, shown in a pif<^ of the BiaJk of a Sedge, 
with tbe lesvea ontolT above tbeic basea; the leavea are numbered in order, from 
Itot. 1ST. DiogriLin or crusB'seotioii of the same, in one piano ; thelMvea airnU 
Imrlir numbered ; showing (wo cycles of three. 
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ritiuted dinottj over any below (Fi^f. 189). Here tlic aiitli leaf is ovar 
the first; the katet stand in five perpendicular ranks, with equal angular 
disfance Trom each other; and this distance between anj two auccessive 
leaves is just two filths of the circuniferent^e of the stem. 
1S9. The five-ranked arraugemeut is expressed b; the fracUou {. This 
fraction denotes the divergence of jgj 

le successive leaves, i. e. the an- 
gle they form with eacb other : the 
'"numerator also eipresses the num- 
ber of turns made round the stem 
bj the spiral liae in completing 
le cycle or set of leaves, naniBlj, 
N two ; and the denominator gives 
f the number of leaves iu each cy- 
mber of perpendic- 
ular ranks, namely, five. In the 
same way the fraction J stands for 
the two-ranked mode, and } for 
the three-ranked : and so these 
different sorts are expressed by 
:he aeries of fractions ^, i, -J, Other cases follow in 
the same numei*ical prugressiou, the next being the 

190. Eight-ranked arrangement. In this the nin 
leaf stands over the firat, and three turns are maj 
around the stem to reach it ; so it is expressed by \ 
the fraction f This is seen in the Holly, and in 
common Flanlab. Then comes the 

191. Thlrteen-ranked arrangement, iu which the 
fourteenth leaf is over the first, after five turns around the stem, 
common Houseleek (Fig. 191) is a good example. 

192. The series so far, then, is i, |, f , |, ft ; the numerator and the 
denomiuat^jr of eacb fraction being those of the two next preceding ones 
added together. At this rate the next higher should be ^^, then ^, and 
so on i and in fact just such cases are met with, and (commonly) no others. 
Those iiigber aorts are found in the Pine Family, both in the leaves and 
the cones and in many other plants with small and crowded leaves. But 
in those the number of the ranks, or of leaves in eaeli cycle, can only rarely 

Fia. IS8. Slioot with its leaves 5-raJiked, the giith leaf over the first ; aa in the 
Apple-tree. 

Flo. 189. Digram of this arrangament, with a Kpiral line lirawn from the attach, 
meot of one leaf to the Dext, and so on ; the parta on the aide turned from the ejrs 

Fio. 190. A gnmiid-plan of the same; the section of the leaves slmilu'lf oum- 
bentd; a dotted liae drawn from the edge of one leaf to that of the next maAaout 
th«ipIraL 




The 
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lie made out bj direct inspection. Tlicy may he indirectly ascertained, how- 
ever, bj studjibg the secondary spirals, aa tliej are called, whicii usudly 
become coaspicuoua, at least two series of them, o: 
turuiiig to tlic right and oue to the left, « 
Fig, 191. For aiL accouut of the way iti which the 
character of the phjiloUxj may be deduced from the 1 
secondary spirals, see Structural Botaoj, C!i:iplcr IV. ' 
193. PhyllotaiyofOppositeaiidwhorletiLeaves. " 
This is simple aiid coniparativelj uniform. The leaYes 
of each pair or whorl are placed over the intervals 
between those of the precediug, and therefore under 
the intervals of llie pair or wliori neit above. The , 
whoria or pairs alternate or cross each other, usually 
at right angles, that is, they deamsate. Opposite 
leaves, that is, wliorls of two leaves only, are far com- 
moner than whorls of three or four or more membera. 
This arrangement in successive decussating pairs gives 
an advantageous distribution oa the stem in four verti- 
cal ranks. Whorls of three give sis vertical ranks, 
and BO on. Note that in descriptive botany leaves ia 
vborb of two are simply called oppoHit leaves ; and 
thai the term vcrtkillale or vhorkd, is employed only 
for cases of more than two, unless the latter number 
is specified, 

19i. Tematioii or Prtefoliatioa, the disposition 
of the leaf-blades in the bud, comprises two things ; 1st, 
the way in which each separate leaf is folded, coiled, 
or packed up ia tlie bud; and Sd, the arrangement 
of the leaves ia the bud with respect to one another. 
The latter of course depends very much upon the 
phyllotaxy, L e. the position and order of the leaves upon the stem. The 
same terms are used for it as fur the arrangement of the leaves of the 
flower in the flower-bud. See, therefore, " .SJslivation, or Pncdoration." 

195. As to each leaf separately, it is sometimes straight and opea in 
vernation, hut more eommocJy it is either benl, folded, or rolled up. When 
the upper part is bent down upon the lower, as the youug bbde in the 
Tulip-tree is bent upon the leafstalk, it is satd to be Infexed or Reclined in 
Temation. When folded by the midrib so that the two halves arc placed 
fiioe to face, it is Conduplieate (Fig. 193), aa in the Magnolia, the Cherry, 
and the Oak. TVTien folded back and forth like the phiits of a fan, it b 

FlO. 181. A young plant of the 
munbered, and EXhibitbg the 1 

Flo, 192, Opposite leaves of Euouymoa, or Spiudle-I 
pun crossiug each other at right mgtea. 




Piitvit or Flailed (Fig. 194), as i 
ma; be so either from tbe tip do 



^U 
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the Maple and Corrant. 

nwards, as in Ferns and tbe Sundew 

(Fig. 197), wben in unroR- 

19fi tug it resembles tbe head 



f roUed, it ■ 
le Sundew ^ 



Ota 






be CiniaaU ; or it may be 
rolled up parallel witb the 
axis, either from one edge 
inU) a coil, wben it is Con- 
Tolute (Fig. 195), as ia tlie 
Apricot and Plum ; orralled 
from both edges towards 



I 



the 



lidrib, - 






sometimes outwards, wben 

Azalea. The figures are diagrama, representing 

in the waj thej were represented by Linuteus. 



inwards, when it 

tute (Fig, 19S). as in tbe 

Violet and Water - Lilj j 

Kevoluie (Fig. 196), in the Eosemarf and 

) through the lea^ 



Section VIII. FLOWERS. 

196. Flowers are for the production of seed (16). Stems and branclies, 
which for a time put forth leaves for Tegetation, may at length put fortb 
flowers for reproduction. t 



usually from aiillaty buds only, 
e they are both axillary atifj 



le aaed by LinnEeus to signify mode 



197. Flower-buds appear just where leaf-buds appear; that is, they 
either terminal or axillary (47-49). Morphologically, flowers answer 
shoots or branches, and their parts to leaves. 

198. lu the same species the flowers 
or from terniiual buds only; but in 
terminal. 

199. Inflorescence, which is the nan 
of flower-arrangement, is accordingly of three classes : namely, Indeierminaia, 
when the flowers are in the axils of leaves, that is, are from asiUary h 
Delerainaie, when they are from termiaal buds, and so terminate a 
or branch 1 aud Mixed, when these two are combined. 

200. Indeterminate InBorescence (likewise, and for the same rei 
called indefinite iajlorescence) is so oamcd because, as the flowers all coma 
from axillary buds, tbe terminal bud may keep on growing and prolong 
Btem indeQuitelj. Tliis is so in Moneywort (Fig. 199). 
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Thej are 
, Caltia, and 



SBsnas 8.] 

201. When flowers thus arise smglj from the aiils of ordinar; leaves, 
tliey are axillary and lalilaiy, not collected into tlower-clustera. 

203. But wljea several or mauj flowers are produced near each other, 
the acconipanjing leaves are 
apt to be of smaller si/e, or of 
different shape or cliaracter: 
iheu thej are called Bracts, 
and the flowers thus brought a 
together form a cluster, 
kinds of flower-clusters of the 
iudeteruiiuate class have re- 
ceived distinct DBines, uceonljiig to their form and disposition 
principall; Eaeexie, Corymb, Uniel, Spite, Head, Spadix, 
Panicle. 

203. In defining these it will be necessary to use some of the following 

terms of descriptive botanir whicb^ relate to iuSorescetice. If a flower is 

stalklesa, i. e. sits directly in tlie axil or other support, it is said (o be 

leuile. If raised on a naked stalk of its own (as in Fig. 199) it is pidun- 

enlak, aud the stalk is a Pedu.scle. 

SOi. A peduncle on which a flower-cIiist«r is raised is a 
Commoit pednncle. That winch supports each separate flower 
of the cluster is a Partial pedunclf, and is generally called a 
Pedicel. The portion of tlie genera! stalk aloug which 
flowers are disposed is called the Arts of ia/loreaneaee, or, 
when covered with sessile flowers, the Bhachis (back-bone), 
and sometimes the Reeeplat^le. The leaves of a flower-cluster 
generally are termed Bkacts. But when bracts of different 
orders are to be distinguislicd, those on tbe conunon pedun- 
cle or axis, and which have a flower In their axil, keep the 
nameof jrac^s; and those on the pedicels or partial flower- 
stalks, if any, that of BaiCTLETS or Braeteolei. The for- 
mer is tlie preferable English name. 
!05. A Raoeme (Fig. 200) is that form of fiower-clusler 
which the flowers, each on their own foot-stalk or pedicel. 
! arranged along the sides of a common stalk or axis of 
inflorescence ; as in the Lily of the Valley, Cunant, Bsr- 
berrj, one section of Cbcrry, etc. Each flower comes from 
the usil of a small leaf, or bract, wliicb, bowever, is often 
""^ to small that it might escape notice, and even sometimes (as 
m tbe Unstard T'auiily) disappears altogelher. Tlie lowest blossoms of a 

FlO. 199. Piece of n floworing-atam of Moneywnrt (Lyainiaehia nummnlaria,) 
wltb lingle flonern auticeBBivel;^ produced in the axils of tlis leaves, from below 
Inwards, oa the atem grows on. 

Fio. 200. A raceme, with a general peduncle (p), pedicels {p'), bracts (i), and 
faractlets V')- Pluinly the bracts here answer to the leaves in Fig. 199. 
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raceme aro of course tlic oldest, and therefore open, first, and the order of 
blossoming .s aiceitdiiig from iLc bottom to ibe top. The suniDiit, never 
being stopped bj a tennioiil flower, mn^y go on to grow, and often doea 
so (as in ibe comniou Shcpberd'a Purae), produciug lateral flower* one 
after aootber for nianj weeks. 

206. A Coiymb (Fig. 803) is tbe same aa a raceme, except that it ia 
flat and broad, either couTei, or level-topped. Tbat is, a raceme becomes 
a corymb bj lengthening the lower pedicels while tbe uppencost remiuD 




(horter. Tlie aiia of a corymb is short in proportion to tbe lower pedicels 
B,v eitreme sborlemng of the axis tlie corymb may be converted into 

'207. Aji Umbel (Fig. 203) as in the Milkweed, a sort of flower-cluster 
where the pedicels all spring ai>parentlj from the same point, from the top 
of the peduncle, so as to resemble, when spreading, tbe rays of an umbrella ; 
whence llie name. Here tbe pedicels are sometimes called the 
Ra^i of the nmbel. And the bracis, when brought in this way 
into a cluster or circle, form what is called an Imvoltjcee. 

208. Tlie corymb and tbe umbel being more or less level- 
topped, bringing the flowers into a horizontal plane or a con- 
vet form, the asceadiog order of developnieut appears as Cm- 
■ tripetal, Tbat is, the flowering proceeds from the margin or 
I circumference regularly towards the centre; the lower flowers 
; of the former answering to Uie outer ones of tbe latter. 

09. In. these three kinds of flower-clusters, tbe flowers are 
raised on conspicuous pedii^ett (304) or stalks of their own. The 
shortening of these pedicels, so as to render the flowers leifite 
•t nearly so, converts a raceme into a Spike, and a corymb or an 
urabel i[ito a Head. 

110, A Spike is a flower-cluster with a more or less length- 
ened axis, ainus wbioh the flowers are sessile or nearly so; as in 
*>* the Plantain (Fig. 20*). 

311. A Head {Capl/ulum) is a round or roundish cluster of flowers. 



Tla. SDl. A ntcenie. 202. A corymb. 203. 

Flo. 204. Spike of the cammoa PlaataJif or Ribwort. 



ibel. 
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whioh are sessile on a very short axis or receptacle, as in the Button-ball, 
Eutton-busb (Fig. 203), aud Red Clover. It is just what a spike would 




become if ita axis were shortened; or an umbel, if its pedicels were all 

shortened until tlie iowers became sessile. The head 

ot the Button-bush is naked; hut that of the Thistle, 

of the Bandclion, and the like, is surrounded bj emplj 

bracts, which form an laooluere. Two particular fovms 

of the spike and the bead have reoeived particular 

names, UHmely, the Spadix aud the Catkin. 

212. A Spadix is a fleshy spike or bead, with small , 
uid often imperfect flowers, as in the Calla, Indian 
Turnip, (Fig. 306), Sweet Flag, etc. It is commonly 
■urronuded or embraced bj a peculiar enveloping leaf, 
called a Sfatre. 

213. A CatMn, orAment,;3 the name given to the 
scaly sort of spike of Ihe Bii-ch (I'ig. 207) and Alder, 
tbe Willow and Poplar, and one sort of fiower-clusters 
of the Oak, Hickory, and the like, — the so-called Amen- 

214. Compound flower- clusters of these kinds are 
not uncommon. When the stalks wliicii in Ibe biiii 
pie omhcl are the pedicels of single flowers themselves 
branch into an umbel, a Compound Umbel is foriiied. 20T 

Fia, 205. Head of tha Button-Tmsh (Ccphalanthus). 

FlO.aOB. Spadii ami apathe of the In(ii»n Turnip; tLe lattercut through below, 

FlO. 207. Catkin, otAment.otBircli. 





Tliia is the inftoreaeence oE Caraway (Fig. SOS), Parsnip, and almost all of 
tlie great family of Umbdiirerous ( umbel- beariug) plants. 
215. The second- 

iry or partial umbels 

>f a compound uui- 

Viheix the unjbelieta 
are subtended by an 
involucre, tbis sec- 
ondary involucre is 
^ called an Ikvoldcel. 

216. A Gmpousd raeeai is a cluster of racemes 
racemoaely arranged, as In Smiiacina lacemosa. A 
compound eorpnb is a corymb sonie brancliea of wliicb 
branch again in the same way, as In Mountain Asb. A 
compound »pike is a spicately disposed cluster of spikes. 

217. A Panlole, such as tbat of Oats and many C^. 
Grasses, is a comp9und flower-clnster of a more or less 
open sort wbicli brancbes with apparent irregularity, 
neither into corymbs nor racemes. Fig. 209 repre- 
sents tiie simplest panicle. It is, as it were, u raceme 
of which some of the pedicels have branched so as to 
bear a few flowers on pedicels of tbeir own, while 
others remain simple. A compound panicle is oiLC Ihat 
branches in lliis v^ay agaiu and again. 

313. Determlndte Infiorescence '\i 
terminal buds. Ttie simplest c 




n which the flowers are froi 
i tbat of a soUtaty terminal flower, i 




in Fig. 210. This stops the growth of the stem ; for its terminal bud, be- 
coming a bloaaom, can no more lengthen in the manner of a leaf-bud. Any 

Fig. 208. Componnd Umliel of Caraway. 

FiQ. 200. Dittgrara of a simple panicle. 

FlO. 210. Diagram af an opposite-leaved plant, with a single tonalnal flower, 
ail. S»ma, witli ft cynis of three flowers; a, the fi rat flower, of the maiu aiia i 6 i, 
tboie of branchea, 212. Same, with flowem also of the third order, a c. 
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further growth must he from aiiUarj buds developbg into branches. If 
Buch brauohes are leafj shoots, at length terminated by aingle blossoms, 
the inflocescenoe still eonsists of solitarj iowers at the aummit of stem aiid 
. braucbes. But if the llowering brauohes bear only bracts in place of ordi- 
nary leaves, iJie result is the kind of flower-cluster called 

219. A Oyme. This is commonly a flat-topped or convex fiower<lu»ter, 
like a corymb, only the blossoms are from temuDal buds. 
Fig. 311 illustrates Ibe simplest cyme in a plant with oppo- ■ 
aite leaves, namely, with three flawera. The middle flower, 
a, tflmiinatea the stem ; the two otiiers, 6 6, terminate branches, 
one from the axil of each of the uppermost leaves ; and being 
later than the middle one, tbe flowering proceeds from the 
centre outwards, or is Centrifiigal. This is the opposite of 
the indeterminate mode, or that where all the flower-buds ore 
aiilkry. If flowering hranehea appear from the axils below, 
the lower ones are the Uter, so that the order of blossoming 
continues cenlri/ugal or, which is the same thing, deicendixg, 
as in Fig. 213, nmldng a sort of reversed raceme or/alse n 
ceae, — a kind of cluster which is to the tnie raceme ju; 
what the flat cyma is to the corymb. 

220. Wherever there are bracts or leaves, buds may be '^^ 
produced from their asils and appear as flowera. Fig. 319 represents the 
case where the branches, i b, of Fig. 211. each with a pair of amall leaves 
or bracts about their middle, have branched again, and produced the 
braiiolilets and fl.owers e r, on each aide. It is the continued repetition of 
this which forms the full or compound cyme, such as that of the Laurea- 
tinus, Hobble-bush, Dogwood, and Hydrangea (Fig. 214). 

331, A Fasoiole (meaning a bundk), like that of the Sweet William 
and Lychnis of the gardens, is only a cyme with the flowers much crowded, 

333. A Qlomemle is a cyme still more compacted, so as to imitate a. 
head. It may be known from a true head liy the flowers not expanding 
centripetally, that is, not from the circamfereoce towards the centre. 

333. The illuatrationa of determinate or egmose inflorescence have been 
taken Irom plants with opposite leaves, which give rise to the most regular 
cymes. But the Rose, Cinquefoil, Bnttercup, etc., with alternate leaves, 
famish also good examples of cymose inflorescence, 

SB*. A Cymnle (or diminutive cyme) is either a reduced small cyme of 
few flowera, or a branch of a compound cyme, i. e, a partial cyme. 

225. Scorpioid or Heliooid Cyroes, of various sorts, are forms of dc- 
termiuate inflorescence (often puzzling to the student) 'm which one half of 
the ramification fads to appear. So that they may be called inecmpM* 
ejpaei. The commoner forms may be understood by comparing a complete 



impla cyme ui which the ai 






orme, like that of Pig. 215 irith Fig. S16, the diagrwn a! a cjme of an op. 
posite-leaved plant, having a Beriea of terminal flowers and tLe aiis con- 




tinued bj the development of a branch in the axil of only one of the leaves 
»t each node. The dotted lines oa the left indicate the place of the vanting 




branches, which if present would 
coftvert this siorpiaid eyme into the 
complete oae of rig. 315. Tig.Sl? 
is a diagram of similar infloresceace 
with alternate leaves. Both are 
kinds of/fl;«erwew» (219). When 
the braets are also wanting in such 
eases, as in many Borragineous 
plants, tlie true nature of the in- 
florescence IB very much 




^iS> 



with iie^uti'al enlarged 



■ Fio. 

■ Fio, 



Flo. 214. Cmtiponnd cyme of Bydranfica aj 
Bowers round the circuraferenoE. 

FlO. 215. A complatB forldiig djnia of an Arenaria, or Chiokweal. 
FlO. 236. Diagram ot a scorpioid eyme, with opposite Icavaa or bracts. 
Yia. 217. Diagram of analogouB scorpioid cyma, witli altamutB learea 
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« and indeterminate inflorca- 
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Sa6. Tbeac diatiactiaas batween < 
eeace, betwceu ciirjrnba and c;mes, and betveen the true and Hie d 
raceme and ajiike, were not recog:iized bj botaiitatfl mucb more than lialf 
a centnrj ago, aud even now are not alwajs attended to in descriptions. 
It is still usual and convenient to describe rounded or flat-topped and open 
ramification as eorgmbose, eren wben cascntiallj cjmo»e; also to call llie 
reversed or Take racemes or spikes by these (strictly incorrect) names. 

SS7. Uixed Inflorescence ia that in which the two plana are mixed or 
combiued in conipouud clusters. A mized panicle is one in which, while 
the primary rainiflcation is of the indeterminate order, the secondary or 
ultimate is wholly or partly of the determinate order. A contracted or 
elongated inflorescence of Ibis sort is called a TovEsus. Lilac and Horse- 
cliestnnt afford common examples of mixed inflorescence of this sort. "When 
loose and open such flower-clusters arc called by the general name of 
Panklei. Tbe heads of Compositte are centripetal; but the branches or 
peduncles which bear the beads are usually of centrifugal order. 



(2. PARTS OR ORGANS OF THE FLOWER. 



238. Tbese were simply indicated in Section II. 16. Some parts are 
necessary to seed-bearing; these are EsKniial Orgam, namely, tho Slaaem 
and PisHtt. Others serve for protection or for attraction, often for both. 
Such are the leaves of the Flower, or the Floral Eavflopei. 

330. The Floral Enrelopes, taken together, are sometimes called the 
Pehunth, also PerigOKe, in Latin form Pfrigoaium. In a flower which 
pos-icsses its full number of oi^ans, the floral envelopes are of two tinds, 
namely, an outer circle, the Caltx, and an inner, the Cosolla. 

230. The Calyx is commonly a circle of green or greenish leaves, but 
not always. It may be the moat brightly colored part of the blossom. 
Each calyx-leaf or piece is called a Sefai,. 

231. The CoroUa is the inner circle of floral enve 
usually of delicate texture aud colored, that i.<i, of & 
green. Each corolla-leaf b called a Pbt.^l, 

S38. There are flowers in abundance which ci 
opes. Such are tho so-called full double fiowert, of which the choicer roacs 
and camellias of tbe cultivator are familiar examples. In them, under the 
gardener's care and selection, petals have taken tbe place of both stamens 
and pistils. These are monstrous or unnatural flowers, incapable of pro- 
ducing seed, and subservient only to human graliflcation. Their c 
name of double flowers ia not a sensible one : < 
ouatom, it were better to tmnslate their Latin n, 
1.\ttm fall fowm, meaning full of leaves. 

233. Moreover, certain planta regularly prodni 
ing of floral envelopes only. In Fig. 314, some ai 



es or flower-leaves, 
e other color than 



it wholly of floral envel- 



;ept that it is fixed by 
le, fores plexi, and call 



! Heulralfoie«n, consist- 
■■ seen around the margin 
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of the cyme in Hydrangea. They are likewise familiar in the Hobble-bush 
and in Wild -Cranberry tree, Viburuuzn Oiycooous ; where they form an 
attractive settiiig to tbe cluster of amiLll and compaiatively inconspicuous 





perfect flowem wljich they adorn. In the Guelder Eoae, t 
ornamental cultivation, oil or niost of the blossoms of tl 
tranaformed into neutral flowers, 

23i, The Essential Organs are likewise 
of two kinds, jilaced one above or within 
the other ; namely, first, Ibe Stamens or 
fertilizing organs, and second, the Pistils, 
which are to be fertilized and bear tbe 

235. A Stamen consisis of two parts, 
namely, the Filament or stalk (Fig. 219 a), 
and the Amther (i). The latter is the only 
essential part. Tl is a case, commonly witb two lobes o 
lengthwise by a slit, at tbe proper time, and discharging a powder or dust- 
like anbstanee. nsnally of a yellow color. This powder is tbe Folleb, or 
fertilizing matter, to produce which is the office of tlie stamen, 

336. A Pistil (Fig. 220, 221) wlien complete, lias three parts; Ovaet. 
Style, and Stigma. The Ovar^, at base, is tbe liollow portion, which con- 
tains one or more Ovl'les or rudimentary seeds. Tbe Slyle is the taperine 

Fro. 218. kjleitplenut, numelj, a full donble flower nf Bom. 
FlQ. 219. A stamen : a, filament ; b, anther, disoharging poller 

Pio. 220. A pistil; with ovary, ' " ' '■ '■ "■" 

b, itjle; c, ■tigni&. 



lis, e&ch opening 



. ; i, anther, djsoharging pollen. 

1, half cat awaj, to ebow the containetl ovnlei ; 
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portion above : tlie Stigi^a is a portioa of the sLjIe, usuoll; its tip, with 
moist naked surface, upon wbicli graiu^ of polki) mn; 
lodge and adhere, and tlience make a growth wliicli ei- 
tends down to the ovules. When there is uo stjle then 
the stigma occupies the tip of the ovarj. 

337. The Torus or Baceptacle is the end of the 



flower-stalk, or the portion ol 
the several organs of tlie Uoi 
are borne (Fig, 223). 

238. The parts of the flow 
receptacle or axis essentiail; 
abort stam; first the sepal) 
the petab 



ds or stem out of which 
grow, upou which thej 



13 are leaves upon a verj 
r outer floraJ leaves ; then 
ir floral leaves; then the stamens; lastly, 
at summit or ceuii'e, the pistils, when tliere are two or 
more of them, or the suigle pistil, wiien onlj one. Pig. 
S33 shows the oi^us displayed, two of each kind, of such 
a simple and symmetrical flower as that of a Sednm or 
Stouecrop, Fig, 322. 

2SI 

$ 3. PLAN OF FLOWER. 

239, All flowers are formed upon one general plaii, but with almost la- 
Gnite variations, and mauj' disguises. Tills common plan is best understood 
by taking for a type, or standard for comparison, some perfect, complete. 




regular, and tymmetrkal blossom, and one as simple as such a 
could well he. Flowers are said to be 

Per/eel {hermaphrodite), when provided with both kinds of essentia] or- 
gans, i. e. with both stamens aod pistils. 

Complete, when,- besides, they have the two sets of floral envelopes, namely, 



FlQ. 221. Model of a ( 

ventrally, to show tlie ovi 

Fto. 222. Flower of Sei 

Fio. 22S. Part9 0fsamt 

nceptacle in the centre; i 



3 and aUghtly oponed 
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coljx. and corolla. Sitcli are completelj furnished with all that belongs to 
B flower, 
Begalar, when all the parta of each set are alike in shape and size. 
Sj/mautfiml, when there is au eqnal number of parts in each set or oircle 
of or^ns. 

310, Flax-flowers were taken for a pattern in Section II. 16. Bnt in 
them the five piatila have their ovaries as it were consolidated into one bodj. 
Sedum, Fig. 222, has the pistib and all the other parta 
free from such combinatioii. The flower is perfect, 
complete, reguhir, and bjui metrical, but is not quite 
niple as it might be ; for there are twice as many 
lere are of the other organs. Crassnla, 
a relative of Sedum, cultivated in the couaervatoriei 
for winter blossoming (Fig. 324) is simpler, being 
iiotUmonoKs, or with just as many stamens as petals or 
sepals, while Seduni is dipioalemonom, having double 
tliat number ; it has, indeed, two sets of stamens. 
241. Numorical Iplan. A certain number either 
3 through ti)e flower or is discernible in some of 
1 its parts. This number is most commoalj either five 
very rarely four, occsaionally two. Thus 
^r' the ground-plan of the flowers thus far used for illus- 

liation is five. That of Trillium (Fig. 336, 337) is 
three, as it likewise is as really, if not as plainly, in Tuhps and Lilies, Crocus, 
Iris, and all that class of blossoms. In some Sedums all the flowers are 
in fours. In others the first flowers are 
on the plan of Gve, the rest mostly on 
tbe plan of four, that is, with four aepala, 
four petals, eight 
stamens (i, e. twice 
four), and four pis- 
tils. Whatever the 
gronnd nnmber may 
be, it runs through 
the whole in symmet- 
rical blossoms. 

343. Alternation of the suooessiTe Circles. In these flowers the 
parts of tbe successive circles alternatf : and such is the rule. That is, 



Flo. 234. Flower of a CraBsaln. 225. Diiigram orgrounil-plan of same. 

Fio. 228. Flower of a Trillium ; iM parts in threes. 

FiQ.227. Diflgram of HoworofTriUiDm. Inthis, as in all snohdisgramsotcnM*. 
Bection of blaBaoms, the parte of the outer circle represent the calyx ; the iieict, oo- 
rolla; within, stamens (here in two circles of three each, and the croas-reotion i> 
through the anthersj ; in the centra, section of three ovaries Joined Into a oompoiuul 
tan of three cells 



I 
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the petals stand over the intervals between the sepals ; the sUmens, v'hea 
of the same number, stand over the intervals between tbe petals; or when 
twice as many, as in the Trillium, the outer set alternates with the petals, 
and the inner set, alternating with the other, of course stands before tlie 
piilals; and the pistils ulternate with these. Tliis is just as it should be on 
the theory that the ciiules of the blossom answer to whorls of leaves, which 
alternate in this way. While in such flowers the circles are to be regarded 
as whorls, in others thej are rather to be regarded as condensed spirals of 
alternate leaves. But, however this may be, in tbe mind of a morphological 
botanist, 

2i3. Flowers axe aliared Branches, and their parts, therefore, altered 
leaves. That is, certain buds, which might have grown and lengthened 
into a leafy branch, do, under other circumstances and to accomplish other 
puqwsea, develop into blossoms. In tbese the axis retiiaioa short, nearly 
as it is iu the bud ; the leaves therefore remain close together in sets or 
circles ; the outer ones, tiiose of tlie calyx, generally parlake more or less 
of the character of foliage ; the nest set are more delicate, and form the co- 
rolla, while the rest, the stamens and pistils, appear uuder forma very dif- 
ferent from those of ordinary leaves, and are coocerned in tiie production 
of seed. This view gives to Botany an interest which one who merely no- 
tiees the shape and counts the parts of blossoms, without understanding 
their plan, has no conception of. 

244. That flowers answer to branches may be shown, first, from tbeir 
posilion. As explained in the section on Inflorescence, flowers arise from 
the same places as branches, and from no other ; flower-buda, like leaf-buds, 
appear either on the summit of a stem, that is, as a terminal bud, or in th^ 
axil of a leaf, as an axillary bud. And, as the plan of a symmetrical flower 
shows, the arrangement of the parts on their axis or receptacle is that of 
leaves npon the stem. 

S43. That the sepals and petals are of the nature of leaves is evident 
from their appearance; they are commonly called the leaves of the flower. 
The calyx is most generally green in color, and foliaceona (leaf-like) in 
texture. And though tiie corolla is rarely green, jet neither are proper 
leaves always green. In our wild Painted-cup, and in some scarlet Sages, 
common in gardens, the leaves just under the flowers are of the brightest 
red or scarlet, often much brighter-colored than the corolla itself. And 
sometimes (as in many Cactasea, and in Carolina Allspice) there is such a 
regular gradation from the last leaves of the plant (bracts or bractlets) into 
the leaves of tbe calyx, that it is impossible to say where the one ends and 
the other begins. If sepals are leaves, so also are petals ; for there is no 
deariy fixed limit between them. Not only in the Carohna Allspice and 
Cactus (Fig. 239), but iu the Water-Lily (Fig. 238) and in a variety of 
flowers with more than oue row of petals, there is sucb a complete transi- 
tion between calyx and corolla that no one can surely tell how many of thii 
leaves belong to the one and how man; to the other. 



id there- ^H 
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216. TW rtnnm are of the mbc goMnl BatDn as prtah, and 
fm a Bodiieatien at Icites, is tbovn ^ Ik gndail tnnsmcKu that occur 
betvcenibe oae and the 
odier in man; blos- 

liialcd Bowers, ituch as 
Rosea and Camellias, 
wtten thej begin to 
double, Uial is, to change 

tbeir sUineiu into pet- 
als. Some wild and 
natural floveis sbow 
the same interestiDg 
tiaositloos. The Caro- 
lins Allspice and the 
White Water-Lilj ei- 
hibit complete gnda- 
tioDS not onl; between 
sepab and petals, but 
■Waler-Liiy are green out- 
the petals, in. many rows, 
of the fluwer ; some of these 







gradualljr grow narrower towards the 
are tjpped with a trace of a yellow 
anther, bnt siill are petals; the 
next are more contracted and sta- 
men-like, bnt witli a flat petal-lilce 
filament; and a further narrow- 
ing of thb completes the genuine 
stamen. 

S17. Pistils and stamens now 
and then change into each other in 
some Willows; pistils often turn 
into petals io cultivated flowers; 
and in tlie Double Clierrj thej 
arc occasiouali; replaced by small 
green leaves. Sometimes a whole 
blossom changes into a cluster of 
green leaves, as in the "green S2B 

roses " occasionally noticed in gar- 
dens, and sometimes it degenerates into a leafy branch. So the botanist 
regards pistils also as answering to leaves ; that is, to single leaves when 
simple atid separate, to a whorl of leaves when conjoined. 

Fig. 228. SiiriBa of sepals, petals, and stamens of White Water-Lfly, sliowjng 

Tia. 229. A Coctns bloaaom. 




I 
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} i. MODIFICATIONS OP THE TYPE. 

S4S. The Daviations, as tlie; ma; be culled, from tlic assumed tj^ie oi 
pattern o( flower are most various and esteiibivc. The diSereuces betweeu 
one species and auotlier of tbe same genua are comparative!; iusiguiiicant ; 
those between different genera are more striking ; liiose between dittereat 
families and classes of plants more and more profound. Tliey represent 
difierent adaptatious to conditions or modes of life, some of wliicb have 
obvious or probable utilities, although others are bejond paiticular expla- 
nation. The principal modifications maj be couveiiientl; classified. First 
those wbich iu phkce of perfect (otherwise called iermafhrodiie or bisexualj 
flowers, give origin to 

S4D. TJnisexual, or Separatad, or DicUnoas Flowers, imperfect flow- 
ers, as tbej huve been called iu cojitradistincliou to perfect flowers ; but that 





stamens, while others want the pistils. Taking 
hermaphrodite flowers as the pattern, it is natural 
to say that the missing organs are snppretted. This 
expression is justified bj tbe very numerous cases 
in which the missing parta ara abortive, that is, 
are represented by nidimenls or vestiges, which 
serve to exemplify the plan, although useless as 
to office. Unisexual flowers are 

Monaetom (or Monoicout. i- c. of one liousebold), wlien flowers of botli 
sorts or aeies are produced hy the same individual plant, as in the Kicinus 
or Castoi^oil Plant, Pig. 230. 

Biaeioua (or Dioieoni, i. e. of separate households), when the two kinds 
are borne on different plants; as in Willows, Poplars, Hemp, and Moon- 
seed, Fig. 331, S33. 

Pofygauoui, when the flowers are some of them perfect, and some 
staminaCe or pistillate only. 
PiQ. 230, Unisexual flowera of Castor-oi] plant : *, atainiiiftte flowur ; p, pistillato 
Pro. 231, stamlnnte, and 2-32, pistillate flower of Mooti!iee<l 
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250. A biossom Laving stamens and no piatil is a Slamiiiaie or UfaU 
flower. Sometimes it is called » Sleriie flower, not appropriately, for oilier 
flowera may equally be sterile. One having pistil but b 
Piitillalt or FemaU flower. 

351. Inoomplete Flowers are so named 
in contradistbction to complete : the; waut 
eilher one or both of the floral enfelopes. 
Those of Pig. 230 are iucomplete, having ca- 
lyx bat no corolla. So is the flower of Anem- 
le (Fig. 233), although 
ij its calyi is colored like a 
^ corolla. Tiie flowers of 
rus or Lizard's -tail, 

igii perfect, have neither calyi nor corolla fPig. 
234). Incomplete flowers, accordingly, are 

Naked ot AcAlaaydeom, destitate of both floral en- 

^ velopes, as in Fig. 334, or 

ApelaloKS, wheu wautiug only the corolla. The case of corolla present 

and caljs wholly wanting b entreraely rare, although there are Beeminf; 

instances. la fact, a single or simple perianth is taten to be a calyx, 

unless tlie absence or abortion of a calyx can be made evident 

2a,2. In contradistinction to 
regular and symmetrical, very 
many flowers ai"e 

Irregular, (hat ia, with the 
members of some or all of the 
floral circles uueqaal or dissim- 
ilar, and 

UnsgmmelHcal, that is, iirhen 
the circles of tbe flower or 
some oflbem differ in the num- 
ber of their members. (Bym- 
metrical and unsymmetrical are 
fZ^~^^^ f\ ^^^ \ f sed in a different sense in some 
^C!^*?^ yj ,^'^^^Z^ recent books, but the older nse 
^^jTI\^^ should be adhered to.) Want 

l\\ of numerical symmetry and 

l'//f\\v| irregularity commonly go to- 

OlJ gather; and both are common. 

238 Indeed, few flowers are entirely 

FlO, 233. riowerof Anemnne Pennaylvanica; HpctHloiis, hermophrodila. 
Fro. 234. Flower of Sanrurus or Lbard's-tail ; naked, but hennaphrodita. 
FiQ. 235. Flower of UustArd. 236. Its stamens and pistil separate snd enlarged. 
FlQ. 237. Flower at a Violet. 238. Its oaljx and corolla displajed: the 6tii 
re the aepala; the five intervening larger ones are the peUla. 
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and calji, corolla, and perhaps stamens ; aaS probably m 



irregular blossoms are quite sjnimetrical. 

S53. Irregular Eind. Unsjmmetrlaal Floorers ma; therefore be illus' 




A 
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trated togethe 
which are comparativelj free from other 
complicationa. The blossom of Mustard, 
and of ail the very natural family which 
it represents (Fig. 335, 236), is regular 
but unsymmetrical in the stamens. There 
are four equal sepals, four equal petals ; 
but ail staraena, and only (wo members 
in the pistil, which for tiie present may 



Hi 



Fio. 239. Flower of a Lnrkspur. 240. Ita calyz and corolla dieplsysd; the flva 
llargBT parts arp the sepila; the foar amaller, of two shapes, are tha petals; tha 
place of the fifth petal is vacant. 241. Diagram of the same; the place for the 
wisstng petal marked by a dotted line, 

Fia. 242. FlowerofaMonkahood, 243. 11b parts displayed ; five sepals, the np. 
per forming the hood; the two lateral alike, hroad and flat; the two lower small. 
TTio two pieces under the hood represent the corolla, reduced to two odd-shaped 
petsla; In centre the numerona stamens and thre« pistils. 244. Disgn-n of tha 
calyx tad corolla ; the throe dotted lines in the place of miaalng getah. 



[BECTIOif t 

be left ont of new. The want of aymmetrj is in the stameaa. Tiiese are in 
two circles, an outer and aa inner. The outer circle consiats of two stamens 
oiiJj; the inner has its proper number of four. The flower of Violet, which 
is on the pkn of five, ia ajmmetrical in calyx, corolla, and atamens, inas- 
much aa each of these circles consists of five members ; but it is conspicu- 
ouslj irregular in the corolla, one of the petals beitig very different from the 

254. The flowers of Larkspur, and of Monkshood or Aconite, which are 
nearly related, are both strikingly irregular in calyi and corolla, and cou- 
siderably unsjnimetiical. In Larkspur (Fig. 339-341) the irregular caJyx 
consists of five sepals, one of which, larger tlian the rest, is prolonged be- 
hind into a large sac or spur; but the corolla is of only four petals (of two 
shops), — the fifth, needed to complete the symmetry, being left out. And 
the Monkshood (Fig. 243-344) has five very diaaimilar sepals, and a corolla 
of only two very small nud curioualy.s!ia])cd petals, — the three needed to 
make up the symmetry being left out. The staineua iu both are out of 
symmetry with the grouud-plan, being numerous. So are the pistils, which 
are usually diminished to three, sometimes to two or to one. 

255. Flowere -with Multiplioation of Parts are very common. The 
stamens are indefinitely nnmerous 
in Larkspur and in Monkshood 
(Fig. 242, 243), while the pislUa 

i fewer than the ground-plan 
\ suggests. Most Cactus -flowers 
have all the organs much in- 
creased iu number (Fig. 339), 
and so of the Water-Lily. In 
Anemone (Fig. 333) the stameua 
and pistils are multiplied while 
the petals are left out. In Buttercups or Crowfoot, while the sepals and 
petals coLiform to the ground-plan of five, both stamens and pistils are indefi- 
nitely multiplied (Fig, 245). 

256. Flowers modlfled by Union of Parts, so that these parts more 
or less lose the appcsrance of separate leaves or other organs growing oat 
of the end of the stem or receptacle, are eitremely common. There are two 
kinds of such uuioii, namely : — 

Coakacence of parts of the same circle by their contiguous margins; and 
AditalioH, or the union of adjacent circles or unlike parts. 

257. Coalescence is nut rare in leaves, as iu the upper pairs of Honey. 
Buckles, Fig. Wo, It may all the more be expected in the crowded circles 
or whorls of flower-leaves. Datura or Stramonium (Fig. 246) shows this 
coalescence both in calys and corolla, the five sepals and the five petals be- 
ing thus united to near their tips, each into a tube or long and narrow cup. 
These unions make needful the following terms : — 

Fio. 245. Flower cf Rauuuculua bulbosut, or BultHrcup, in 
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OamBptlalonSt said of & corolk the petals of which 
into one bodj, wbetlier only at base or high 
the verj aumrait, aa in Morning Glorj aud 
the like (Fig. 2i7), so that the number of 
petals in it maj not be apparent. The old 
name for Ibis was Moaopetalous, but that 
means " one-petalled ; " while gamopetalona 
means " petals united," and therefore is the 
proper tenn. 

PotypetalDUs is the couuterpart term, to 
denote a corolla of distinct, that is, separate 
petals. As it means " m-iiij petalled," it is 
not the best possible name, but it is the old 
one aiid in almost universal use. 

Qaaoiepaloiii applies to the calyx when 
the aepala are in this way united. 

J'olytepalom, to the calyx when of sepa- 
rate sepals or calyx-leaves. 

858. Degree of nniou or of separation in 
descriptive botany is expressed in the same 
way as is the lobiiig of leaves (139). See 
Fig. 249-S53, and the explanations. 

S&9. A_ corolla when gomopetalous com- 
monly shows a distinction (well marked in 
Fig. S49-S51) between a contracted tubular 
portiou below, the Tube, uud the spread- 
ing part above, the Eordeb or Limb. Tlie 
junction between tube and limb, or a more 
or leaa enlarged upper portion of the tube 
between the two, is the Tukoat. The 
same ip true of the calyx. 

260.1 Some names are given to partic- 
ular fattia of the gamopelalons/corolla, 
appiioahle also to a gamosepalous calyx, 

)r liotaie ; when spread- 
wiihout a tube or with 
sonietliing in the shape 
ts divetging spokes. Fig. 




Wheel-ehaped, 
ittg ont at once 
a very abort oni 
of a wheel or of 
ass, S53. 

Satrerthaped, 




T Saher-form ; when a flat-spreading border Is raised on 



Fto. 246. Flower of Datiira Stramonium ; gnmosepsloiis and gainopetsloni; 
I^. S47. Fuimelform corolla of a commcm Uomuig Glory, dutached from i(« 
pdlysepalona calyx. 




resented in old pieturea, with a slender 
handle beneatb, Fig. 249-251, 355. 

Bell-ikaped, or Campanuiale; where 
a short and broad Lube widens upward, 
in the shape of a bell, as in Fig, 354. 

FunneUhaped, ot Funael-form; grad- ^^ 

nallj spreading at the summit of a tube which ii 




shape of a funnel or tmmel. 
Glory (Fig. 347) and of the Sti 



corollai of the common Ifomiog 
(Fig. 246). 



Pio. 249. Potypstaloua corolla of Saapwort, of five petals with long clawi' or 
■talk-like buses, 

Fia. 219. Flower of Stanriing Cypress (Gilia coranopif cilia); garaopetalQiis: the 
mbe answering to tha long claws in 248, except that tliey am cnalesceDt: the limb 
M border (the apTeading part above) is five-parled, thnt in, the petals not there 
unitfld eicept at very baae. 

FlQ. 260. Flower of C jpres-t-vlne [IpqUHM Quamoclit); like praoeding, but limb 

FlO. 251. Flower of Tpomim cocdnea; limb almost mitre. 

Fio. 2G2. Wheel-shaped or rotate and ave-part«d comlla of Bittersweet, Solannm 
Dulcamara. 253, Wheel-shaped and Rve-lobeil cnroUa of Potato, 

Fto. 2S4, Flower of a Campanula or Harebell, with a campannlate or belt-shaped 
corolla; 255, of aPhloi, withsalver-shaped corolla; 25e.ofDeail.Nt:ttle(Lamiuni}, 
with labiate rin^nf (or gaping) corolla; 257, of Snapdragon, with lahiata jwrKm- 
ale corolla; 258, of Toad- Flax, with a pamilar corolla spurred at the base. 
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Titbular; when prolonged into a tube, with little or no spreading &t the 

border, as ia tbe corolla of the Trumpet Honejaucklc, the ealjs of SLra- 

moniuui (Fig. 240), etc. 

261. Although flepala and petals are usually all blade or lamina (123), 

like a sessile leaf, jet the; ma,; have a coutructed aad stalk-like base, an- 
swering to ]jetioie. This 
is called its Ciaw, in 
Latin UaguU. UnguicK- 
lale petals are universal 
and strongly marked Jo 
the Piuk tribe, aa in 
Soapwort (Fig. 348). 

362. Such petals, aud 
■various othera, inaj have 

■B 280 an outgrowth of the in- 

ner face into an appendage or fringe, as in Soapwort, aiul in Sileue (Fig. 

859), where it is at the juuctiou of 

ckw and blade. Tliis is called a 

CaowK, or Corona. In Passion. 

flowers (Fig. 260) the crown consiala 

of nnnieroua threads on the base of 

each petal. 

363. Irregnlat Flowers maybe 
polypetalons, or nearly so, as in the 
papilionaceous corolla; but most of 
tbem are irregular through coales- 
cence, which often much disguises 
tbe numerical symmetry also. As 
atTectiug the corolla the following 
forms bavB received particular names ; 

364. Papilionaoeous Corolla, 
Pig- 261, 262, This is polypetalons, 
except tbat two of the petals cohere, 
usiiallj hut slightly. It belongs only 
to Uio Leguminous or Pulse family. 
Tbe name means butterflj-hke ; but 
the likeness is hardly obvious. The 

names of the five petals of the 
papilionocgoui corolla are curiously 
inooagruouB. Thej are. 




FlH. 268. Ungiiipnlate (ftlnwetl) petal nf n Silene; with a two-piirted crown. 
Fin. 2flO. A amal) Paasiou-flower, with crown of slander threads. 
Flo. Ml. Front view of a. papilionaceous corollft. 262. The parts of tha Ear 
displayed: t. Standard, or Vexillum; u, Wings, or Aln; k. Keel, or Carina. 
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The Btakdaed or Banner (FtriUumy, (lie large nppeir petal which ia 
external in the bud and wrapped arouud the others. 

The Wings (Jif), the pair of side petala, ot quite different shape from 
the standard. 

The Keel (Carina), the two lower and usuiUlj smalleat petals ; these are 
light); coalesceut into a body which bears some likeness, not to the keel, 
bat to the prow of a boat ; and this encloses the stamens and pistil. A 
Fes-blossom ia a typical example; the present illustration is from a species 
of Locust, Robiuia hispida. 

265. Labiate Corolla (Fig, 356-25S), which would mora properly have 
been called Bilabiate, that ia, two-Cpped. 
I This is a commDn form of gamopctalous co- 
rolla; and the calyx is often bilabiate also. 
These floweni are all on the plan of five; 
and the irregularity in the corolla is owing 
to unequal union of the petals as well as to 
diversity of form. The two petals of iJie 
up]>er or posterior side ot the flower unite 
with each other higher up than with the 
lateral petala (iji Fig. S56, quite to the top), 
forming tbe Upper lip .- the lateral and the 
lower similarly unite to form the Lower lip. 
' The single notch which is generally found 
at the summit of tbe upper lip, and tbe two 
notches ot the lower lip, or in other words 
the two lobes of the upper and the three of 
the lower lip, reveal the leal composition. 
So aJso does the altematiun of these five 
parts with those oftheealyx outside. When 
the calyx is also bilabiate, as in the Sage, 
this altei'iiation gives three lobes or sepals 
. to tbe upper and two to the lower lip. Two 
) forms of the labiate corolla have been destg- 

iagent or Gaping, when the orifice is 
wide open, as ii^lg. 356. 

Penoaate ot'^Maiied, when a protube- 
rance or intrusion of the base of the lower 
' lip (called a Palate) projects over or closes 
n Snapdragon and Toad-Flax, Fig. 357. S58. 

Fia.2S3. Corolla Qfapurple QerardiH laid npen, showing tho four stamens; the 
cross shows where the fifth stamen would be, if presBnt. 

FlQ. 264. Corolla, lairl open, and stamens of Pentstcmon grandiflorus, with a 
Sterile HUnient in the place of the fifth stamen, and representing it. 

Fig. 265. Corolla of Catalpa laid open, displaying two good atameca aod thlM 
aUaiire ones or vsstiges. 




the orifice, i 
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866. There are all gradations between labiate and regular corollas. In 
those of Gerardia, of some species of Peiitstemon and of Catalpa (Fig. 
263-31)5), the labiate character IS sliglit but la manifest enclose inspection. 
In almost all audi flowers the plan ot five which la obi^ioua or aacertain- 
able in the calji and corolla, is obscured ui tbo sUmens bj the abortion or 
suppression of one or three of til ir number 

267. Ligulate Corolla. Tlie ligulate or Sirap shaped corolla mainly 
belongs to the fumiiy of ComposittBj m wlijcb numerous small flowers are 





gathered into a head, within an involucre that imitates a calyx. It is best 
exemplified in the Dandelion and in Chiocory (Fig. 366). Each one of 
these straps or Ligulet, looking like so many petals, is the corolla of a dis- 




Wnot flower ; the base is a short tube, ■which opens out into the ligule : the 
flue minute teeth at the end iudioate the number of constituent petals. So 
this is a kind of gamopetaloua corolla, which is open along one side nearly 



le of the flowere. 




in the bue, and outspread. The natoie of socb » corolla (and of the ata- 
laens also, to be explained in the next section) is illnstntted b; the £over 
of a Lobelia, Fig. 235. 

268. In Asters, Daisies, Sunflower, Coreopsis (Tig. 268), and the like, 

onlj the marginal (or Saj/) corollas are ligulate; the rest (those of the 

Dili) ar" regularly gamopetalous, 

tnbalar, and five-lobed at summit; 

/ bat thej are small and individually 

r inconspicuous, onlj tlie rat/-Jlovigri 

making a show. In fact, those of 

Coreopsis and of Sunflower ara 

simply for show, these ray-fioweni 

being not only sterile, but neutral, 

that b, having neither stamens 

' nor pistil. But in Asiers, Daisies, 

Golden-rods, and the like, these ray-flowera are pistillate and fertile, serring 





therefore for seed-bearing as well as for show. Let it not be snpposcd tDB» 
the show is useless. See Section XIII. 

369. Adaadan, or Consolidation, b the union of the members of parts 
belonging to different circles of the flower (256). It is of course under- 
stood that in this (as likewise in coalescence) the parts are not formed and 
then conjoined, but are produced in union. They are bom united, as the 
term adnate implies. To illustrate this kind of union, take the accompany, 
ing series of flowers (Fig. 270-274), shown in vertical section. In the 
flrst. Fig. 370, Flax-flower, there is no adnation; sepals, petals, and sta- 
mens, ate free as well as distinct, being separately home on the receptacle, 
one circle within or above the next ; only the five pistils have their ovaries 
coaiescent. In Fig. 271, a Cherry flower, the petals and stamens are borne 
on the throat of Ibe calyi-tnbc; that is, the sepals are coaiescent into a cap, 
and the petals and stamens are adnate to the inner face of this; in other 

Fia. 288. Head of Howers of a Coreopaia, divided lengthwise. 

Plo. 269. A slice of the preceding more Bnlarged, with one tdtular perfect flower 
la) left standing on the reoeptade, with its bracLlet or chaff (i), one ligulate and 
neutral lay-tlower (cc), and put of another; dd, aeotiOD of bracta or leave* <^ 
involucre. 
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words, the sepals, petals, and atamena are ft!I consolidated up to a certain 

height. In Pig. 273, a Purslane-flower, the same parts are adiiate to or 

consolidated with the ovarj n 

its middle. In Fig, 273, a B 

thom-llawer, the con^olidatioa has 1' 

extended over the whole ovary ; U 

and petals and stamens are adnate 

to tlie calyx still furtiier. 

S74, a Cranberry -blossom, it is tbe 

same except that all tbe parta are 

free at the same lieight; ail seem 

to arise from the top of the ovary. 

270- In botanical description, 
to express tersely such differences 
in the reladon of tliese organs to 
the pistil, they are said to be 

ffjipaffjiaaiis (i. e. under the pis- 
ta) when they are all/-«, that is, 
not adnate to pistil nor connate 
with each other, as hi Fig. 270. 

Periffi/noua (around tjie pistil) 
when, connate with each other, 
that is, when petals and sfaiiiens 
are iruerled or borne on the calyx, 
whether as iu Cherry -flowers (Fig. , 
271)tLejare free from the pistil, i** 
or aa in Puraione and Hawthorn **■ 
(Fig- 273, 273) they are also ad- 
uate below to the ovary. 

^ligfnoui (on tbe ovary) wben 
so adiiate that aQ these parts ap- ' 

pear to ariae from tbe very summit of tlie ovary e 
last two terms are not very definitely distinguished 

271- Another and a simpler form of expression is to describe parts of 
the flower as being 

free, when not united with or imerted upon other parts. 

Dittinet, when parts of the same kind are not united. This term is the 
ooonterpart of coalescent, as free is the counterpart of adnate. Many 
writers use the term " free " indiscriminately for both ; but it is better to 
distingubb them. 

PtO.270 Flai-flowert 
FlQ- 271- Cheny-flowe 
perigynooB. 
Fio. 272. Puralnne-flowermaection; caljl, petals, stamens, all adnate to lower 
U of OTiry, — parigynou 



1 Fig 274. The 
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Coannlg ia a terra common for either not free or not distinct, that ia, lot 
parts united congenitaUj, wbetlier of same or of different kind 
Adnale, as properij used, relates to the union of disainjilar parts. 

372. In atiU another form of ex- 
pression, the terms superior atid 
inferior have been much used in 
tiie sense of above and below. 

Superior is said of the avaiy of 
Flax-flower, Cherrj, etc., heoauM 
above the other parts; it is eqaiv- 
aleut to "ovarj free." Or it is 
said of the caljx, etc., wbea above 
the ovary, as in Fig. 875-275. 

Inferior, when applied to the 
ovarj, means the same as " c«I;x 
adoato ; " wlien applied to the flo- 
ral envelopes, it means th:it they 

37a. Positiori of Flower or 
of its Parts. The termii superior 
and inferior, or upper and lower, 
are also used to indicate the relative 
position of the parts of a flower in 
'■^* reference to the axis of inflorus- 

cence. An axillary flower stands between the bract or leaf which sub- 
tends it and the axis or slem which bears this bract 

r, or leaf. Thb is represented in _^ 

sectional diagrams (as in Fig. 275, 
276) bj a transverse line for the 
bract, and a smalt cirele for the a 
I of inflorescence. Now the side 
the blossom which faces the bract 





s the 






n/erior, or Lover aide ; 



Anterior, or Iiiferi 
while the side next the axis is the VTB 

Posterior, or Superior, or Upper side of the flower. 

271. So, in the labiate corolhi (Fig. 256-358), the lip which is composes 
of three of the five petab is the anterior, or inferior, or loteer lip ; the other 
IS the posterior, or superior, or ttpper lip. 

Fia. 273. Hawt1iom-bto9SDtu in Hection ; parts adnata lo whole face of OTSr7, 
and with each other beyond ; another grade of perigynous. 

Fio. 274. CranbErry-blossom in aeclion ; parts epigynous. 

Fra. 27S. Diagram of papiUoDBoeous flower (Robinia, F!g. 261), with bract be. 
low; aiis of inflorescence above. 

Fia. 276. Diagram of Violet>Sower; Bbowing the relation or parts to bract and 
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275. In Tinlels (Fig, 233. 276). the odd lepal is posterior (next the 
axis) ; the odd peta! is therefore anterior, or next tlie siilitendiiig leaf. In 
the papilionaceoua flower (Fig. 261, and diagram, Tig, S75], the odd sepal is 
anterior, and so two sepals are posterior; cousequentlj, by thu alternation, 
tlie odd petal (the standard) is pnst^iior or apper, and tlie two petals form- 
ing the keel are anterior or iuwer. 

S 5. ARRANGEMENT OF TARTS IN THE BUD. 

276. ^stlvatioii was the fanciful name given by Linnieus to denote 
the disposition of the parts, especiall; tLe leaves of tlie flower, before Jn- 
tieiii, i. e. before tlie-bloasom opens, PrXfloration, a better term, is some- 
times Qsed. This is of importance ia distinguishing different families or 
genera of plants, being generally unirorm in each. Tiie [estivation is best 
seen bj making a slice across the flower-bud ; and it mnj be expressed in 
diagrams, as in the accompanying fignrea. 

277. The pieces of the oalvx or the corolla either overlap each other in 
the bud, or the; do not. When they do not overlap, the (estivation is 

Falcate, when the pieces meet escii utlier by tliei 
abrupt edges, without any infolding or overlapping; 
as the calyx of the Linden or Basawood (Pig. 2/7), 

litdupUeatt, whieli is valvate with the margins of f 
each piece projecting inwanis, as in tJie calyx of a 
common Virgin's-bower, rig. 278, or 

Lteolute, wliich is the same but llie margins rolled 
inward, as in most of the large-flowered species of 
Clematis, Fig. 279. 

Seduplieatt, a rarer modification of valvate, is eimikr but with margins 
projecting outward. 
(^*5j Opra, the parts not touching in the bud, as 

n\ (gv the calyx of MiguoLiette. 
\c\ Of ^^^■' ^''™ '^^ P""'^ overlap in tlie bud, it 
(3G) is in one of two ways ; either every piece lias 
^. one edge in and one edge out, or some pieces 

are wlioliy outside and others wholly inside. Tn 
tfae first case the mslivatian is 

Coaootule, also named Coiitorfed or TwMfd, as in Fig. 2S0, a crosMPC- 
tion of a corolla very strongly thus couvolule or rolled up Logelher, and in 
the coroJIs of a Flax-flower (Fig. 381), where the petals only moderately 
overlap in tins way. Here one edge of every petal covers the next before 




\ 



FlQ. 277. Dtngram nt a Rower at Linden, showing the calyx valtate and eoroll* 
Imbricate in tba bud, etx. 

Fll. 278> Valvata-indii plicate KBtivation ol catyz of common Vlr^n's-bower, 
Fio. Z79. Valvate-involutexBtivatEonorsunein Vine-hower, ClematiaTItiillB, 



^^^m 
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it, whilo its other edge is coTered by the next behind it. The other mode 
islhe 

Imbricate fit Imbrieaied, i 



or overlap the 






1 which the outer purls c 
iier Bii us to " break joints," like tiles 
' shingles on a roof ; wlietice the name. 
. Wbeu the parts are ihree. the first or fl i 
' outermost is wholly external, the third [ 
wiiollj internal, the second has one 
margin covered bj the first while the 
other overlaps the third or innermoBt 
is the arrangement of alteiiiate three- 
ranked leaves (187). When tliere are five pieces, as id 
386. and calyx of Fig. 3S1, as also of Fig. 341, S7G, two i 
two are internal, and one (the third in the spiral) has o 
by the outermost, while its otiiei 
. nermost, which is just the five-ranked i 
J alternate leaves (168). When the pieces a 
e outer and two are inner; which a 
nngemeut oF opposite leaves. 

379- The imbricate and the convolute modes some- 
times vary one into the other, especially in the corolla. 

~ a garaopetflloua corolla or garaoaepalous calyx, 
the shape of the tube in the hud may Bometimea be notice- 
able It may be 

Pheatf or Plaited, that is, Folded lengthwise; and the 
] plaits may eitlicr be turned outwords, forming projecting 
m the corolla of CBmpanula; or turned in- 
wards, as in that of Gentian Belladonna; or 

Supemohite, when the plaits are convolutely wrapped 
ronnd each other, as in the corolla of Morning Glory and of S 
Fig. 983. 





Sectiok IX. STAMENS IN PARTICULAR. 

SSI. Andrceciiim is a technical name for the Bt^miuate system of h 
flower {that is, for tlie stamens taken to^tlier), which it is sometimes con- 
Tenient to use. The preceding section has dealt with modifications of the 
flower pertaining mainly to calyx and corolla. Those relating to the ata. 
mens are now to be indicated. First as to 



Flo. 282. tipper psrt oT coniUa of Datura Stnmonlum in the bud ; and below 
* tpctlon showing the cauiotuUoa al the plaits. 
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233. Insertion, or place ot attaclimeut. The stamens usually go with 
the [jelals. Not rarely they are 

Epipelaiotis, that is, iuserted 
oil (or adcate to) the corolla, as 
ill Fig. 283. Wheu free from 
the corolla, they may be 

Hypogynoaa, inserted ou the 
receptacle under tlie iiislil or 
gyncecium, 

Feri^jfnoKS, inserted on the 
calyx, that is, with llie lower 
part of filameut aduate lo the 
calyx- tube. 

Epigyxoui, borne apijiirently 
plained iu Fig. 370-274. 

Gj/xandroiti is another terir 




I the top ot the ovary ; all which is e 





le brotherhood "), 



rehttiug to insertion of 
that is, where the stamens are 
iuserted on (in other words, 
aduale to) the style, as in 
^ Lady's Slipper (Fig. 38*), and „. 
ill the Orchis family generally. 
383. In Relation to each 
" Other, stamens are more ci 
mo,J, 

i^M^isri.that is, without any . 
uniou with each other. .' 
when united, the following 
28* technical terms of long ase 28 

indicate their modes of mutual connection : — 

Monadelpkou' (from two Greek words, meaning " 
when united by tliPir filaments into one set, usually into a ring or cup 
below, or mto a tube, aa in the Mallow Family (Fig. 286), the Passion- 
flower (Fig 260) the Lupine (Fig. 237), and in Lobelia (Fig. 385), 

DiadelpAoui (meanmg in two brotherhoods), wljcu united by the fila- 
nenla mto two sets aa m the Pea and most of its near relatives (Fig. 288), 
usually nine in one set, and one in the other. 

Tfiadelphaas (three brotherhoods), when lie filaments are imited in three 
seta or dusters, as in most species of Hypericum. 

Pio. 233. Corolla of Morning Gloiy laid ojwn, to show the five BtEinicns ineertfld 
OB it, near the basu. 

Fig. 284. Style ot i, Laily'a Slipper (Cypripeiiium), and stamens onited with it ; 
a, o, tha anthera ot the two gooii stameus ; si, an abortive stamen, wliat should 
be its anther nhanged into a petil-lilte body ; atig, the stigma. 

Pio. 2S5, Flower of Lobelia cardinalis. Cardinal flower; corolla making spproacL 
the ligulate form; Qlaraenti (sf) monadelpbons, and anthera (a) syBgeDealoiu. 




Pealadelphou* (five brotherhood a), when in five Bets, bb in eome species 
of Hypericum and in American Liuilen (Fig. 277, 288). 

PulifadclphoHs (many or several 
brotberlioodsj is lliu term generally 
eniplujed wlitii tliese seta are several, 
sr even move tlmii two, aud the pur- 
1 licular number is loft unspeoified. 
Tliese terms all relate to the iik- 

Sgngenesioui is the term to denote 
that staineos have tlieir an tbers united, 
cnalesccut into a ring or tube ; sa iu 
Lobelia (Fig. 285), iu Violeis, and in 
all of the great t'aiiiil; of Compasitie. 

2B4. Their Number in a flower is commonly expressed directly, hut 
lometitnes adjectively, hj a series of terms whicli were the uame of classes 
in the Linneaii artificial system, of which the following nanies, as also the 
preceding, are a anrvival : — 

Monandrou, i. e. solitary-stamened, when the flower has only one stamen, 

Diaadrom, when it haa two stamens only, 

Triaadnu), wiien it has three 
Stamens, 

Tetrandrous, wlien it has four 
stamens, 

Peiiiaadroxi, when it has 
five stamens, 

Hexandrout, when with ait 
stamens, and so on to 

Polgandrons, when it has 
many stamens, or more than a do7^ii. 

285. For which terms, see (he Glossary. They are all Greek nnmerala 
prefixed to -andrja (from the Greek), which Linnreus used for andradnM, 
and are made into an English adjective, -androas. Two other terms, of 
aamo origin, designate particular cases of numher (four or sis) in con- 
nection with unequal length. Namely, the stamens are 

DidynamOMi', when, being only four, they form two pairs, one pair longer 
than the other, as in the Trumpet Creeper, in Gerardia (Fig. 363), etc. 




it away ; showing mc 
isofLupine. 28S. Dlndclphous EtBRlenB(9snd 1) 



Flo. 286. Flower of a MsUow, with calyx and corolla ov 
delation a stamens. 

Fio. 287. Monadelphna 
of fl Pea-blossom. 

Pio. 28fl. One of the five stnmen-elustera of the (lower of American Linden, with 
■ccompanyinf! acale. Tlie Ave clusters are shown in section in the diagram ol 
flowur, Pig. 277. 

Fio. 260. Five eyngenesloua stamens of a Coreopsis. 291, Same, wltli tubi 
m ABd ditplMjed. 
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Telradgnamout, when, being onlj aU, four of them surpass the other 
two, as iu the Mustard-flu wer and all the Cruciferous family. Fig, S35. 

280. The Filament is a kind of stalk to the oatlier, commonly slender 
or thread-like : it is to the antber nearly what the petiole i% to the blade of 
a leaf. Therefore it is not an essential part. As a leaf may be without 
a stalk, so the anther may be Sestile, or without a filament, 

287- The Anther is the essential part of the stamen. It is a sort of 
case, filled with a fine powder, iii Folleii. which serves to fertiUze the pis- 
til, 90 that it nmj perfect seeds. The autber is said to he 

I*nate (as in Fig. 292), when it is attached by its base to the very apes 
of the filament, turning neither inward nor outward ; 

Adiuite (as in Fig. 293), when attached 
SB it were by one face, usually for its wliolc , 
length, to the side of a continuation of the | 
filament ; and 

Verialile {as in Fig. 39i), when fised by 
or near its middle only to the very point of 
the filament, so as to swing loosely, as in 
the Lily, in Grasses, etc. Versatile or ad- 
□ate anthers are 

Iniroras, or Incumbeal, when facing in- 
ward, that is, toward tlie centre of the flow- 
er, as in Magnolia, Water-Lilj, etc, 
Extrorte, when facing outwardly, aa in the Tulip-tree. 

88. Rarely does a stamen bear any resemblance to a leaf, 
rveu to a petal or flower-leaf. Nevertheless, the botanist's 
idea of a stamea is that it answers to a leaf developed in a 
peculiar form and for a special purpose. In the filament he 
aces the stalk of the leaf ; in the anther, the blade. The 
blade of a leaf consists of two similar sides; so the anther 
\ consists of two Lobes or Cells, one answcringto the left, the 
^r to the right, aide of the blade. The two lobes are often 
P connected by a prolongation of the filament, which answers 
to tlie midrib of a leaf ; this is called tlie CoNNECirvE. This 
is coiispicuoas in Tig. 293, where the connective is so broad 
that it separates the two cells of the anther to some distance. 
289. A simple conception of the morphological relation of 
an anther to a leaf is given in Fig. 395, an ideal figure, the lower part rep- 
resenting a stamen with the top of its anther cut away; the upper, the 
corresponding upper part of a leaf. 

F(Q. ZPa Stamen of iBopjnim, with innate anther. 293. Of Tuljp-lree, with 
actuate (ajid eitrorae) Bother. 291. Of Eieniui; Primrone, with versatile anther. 

Pio. 285. Diagram of the lower part of an anther, cut across above, and tlie upper 
part of a leaf, to shnw how the one snnwers to the other; the filament to fietiole, 
the connective to midrib \ the two cella to the right and left halves of the blade. 
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290. So anthers are generally tvio-eellfd. But aa (he poUen begins to 

form in two parts of each cell (the anterior and the posterior), sonietinies 

these two strata are not couflueat, iTid tlie anther even at maturitj maj be 

/iiur-eelled, as in Moonseed (Fig. 296) ; or rather, in that case (the word 

^ — ^r=^ ixll being used for each lateral half of tbe 

fri a^^VV r ?i organ), it is ttco-cetLed, but tbe cells bilocet- 

UJ /\j| \s^^ late. 

391. Bat anthers may become one-celled, 
and that either bj cocflueuce or by suppress 

293, By confluence, when the two cells 
run together into one, as they nearly do iu 
most species of Pentstemou (Kg. 897), more 

" so in Monarda (Fig. 300), and completely 

and all tbe Mallow family. 





SOS 



i; thia i-oelled, or rather !• 



Pto. 2S6. Stamen of MoonBeed, with anther rnt u 
locellatfl. 

Flo. 297. Stamen of Pentetemoa pabescens ; tbe two antber-cellB diverging, aud 
RlmoBt conftuect 

FlS. 293. Stamen of Mallow ; tha anther sapposed to anewer to that of Pig. 297, 
but the cells uompletel]' confluent into one. 

Flo. 296. Stamen of Globe Amaranth; very short filament bearing a single 
anther-celli it la open from top to bottom, showing the pollen within. 

Flo. 300-305. Stamens of several plants of the Labiate or Mint Family. FlO. 
300. Of a Uonarda : tha two anthor-cellB with bases divergent so that they sra 
transverse to the Hlameat, and tbeir contignons tips confluent, bo as to form one 
cell opening by a continnoiia line. Fiq. 301. Of a Calnmiotha; the broad conneo- ' 
tive aeparathig the two cells. Fio. 302. Of a Sage (Saltia Toiana ; with long and 
slender connective resembliHg forks of the filament, one bearing a good anther-celli 
the other an abortive or poor one. Pin. 303. Another Sage (S. coccinea), with 
conneotive longer and more thread-siiaped, the lower fork having its anther-eell 
wholly wanting. Pro. 301. Of a White S^e, Audibertia grandiflora; the lower 
fork of connective a mere vestige. Pig. 305. Of another White Sage (A Btachy- 
oideg), the lower forte of connectivs suppressed. 
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993. B; suppresaiob m certain cases tlie anther ma; be reduced to one 
cell or liaked. In Globe Amaranth (fig. 299) there is a single cell witliout 
vestige ot anj otiier. Different species of Sage and of the While Sagea of 
CaliCurnia show various grades of abortion of one of the anther-cells, aluug 
witli i aiugukr lengthening of tbe connective (Fig. 302-305). 

294. The splitting open of nu anther for the discharge of its pollen is 
termed its DehiseeKce. 

89S. As the figures show, tliia is commculj bj a line along the whole 
length of each cell, either laleral or, 
when the anthers are extrorse, often 
along the outer face, and when introrse, 
aJoug IJie inner fuce of eacli cell. Some- 
times the opening is oul; h; a chink, hole, 
or pore at the top, as in the Azalea, Pj- 
rola (Fig. 3071, e!c. ; sometimes a part of 
the face separates as a sort of trap-door 
(or valrc), hinged at the top, and open- 
ing to allow the escape of the poUeu, 
as in the Sassafras, Spice-busli, and Barberry (Fig. 303). 

296. Pollen. This is the powderj matter, comniouly of a yelloir color, 
which £lls the cells of the anther, and ta discharged during blossoming. 




d 



after which the stamens generally Call or wither away. Under the micro- 
scope it is found to consist of grains, usually round or ova!, and all alike 
in the same species, but very different in different plants. So that the 




^ ^ 



plant may sometimes be recognized from the pollen alone. Several forms 
are shown in the accompanyiog figures. 

Flo. 306. Slamen with the usual dehiacPTice of anther (inwr. tlie aids of each cell. 

Via. 307. Stunen of Pyrola; celts openiug h; a. terminal hate. 

PtO. 30e. Stamen of BarbcTT;; celts of anther eich opening byannplifted valve. 

FlO. 300. MagniGed pollen af a, Lily, amooth ami oval; 310, of Echinocyntia, 
groovEil longthwiBe; 311, of SicjnB, with briatly points and smooth bands; 312, of 
Hosk Plant (Mimal»e), with apiral grooves; 313, of Succory, twelre-nided and 
dotted. 

F10.3H. MagniBed pollen of Hibiscns and other Mallow-planta, beset with 
prii^ly prqjectiana ; 3IG; of Ciroea, with anglei bearing little lobes; 313, of Ereu- 
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S97> An DrdioBTf poileD-grain bos t^ro coats; the outer coal tliickisb, 
bat weak, aud frequeallj adorued witli lines or bauds, or studded willi 
points i the inuer coat is cxlreniel; tliiu aud delicate, but esteusible, and 
its cavity wbeii fresh contains a tliickisk protoplasmic fluid, oflea rcniiered 
turbid b; au inimcuse number of niiuule particlea tliat Qoat in it. As the 
pollen uiaturcB tLis fluid usuoll; dries up, but Ibe protoplasm docs uot ioee 
its vitalit;. Wlieu the grain ia vetted it absorbs water, swells up, aud ia 
apt to burst, discbargbg the conteuls. But wLon weak 
eymp is used it absorbs tliis slowly, aud tLe tougb in- 
ner coat will sometimes break tlirougli the outer ond 
begin a kiud of growth, like tbut wbidi takes place when 
the pollen is pluced upon the stigma. 

898. Some pollen -grains are, as i 
were, lubed (as iu I'lg. 315, 316), o 
formed of four grains united (as in tbi 
Heath family, Fig. ;il7) : that of Piui 
(Tig. 31S) has a large rounded and empt; 
bladder-like expausion upou each .'4i<k 
This renders such pollen very buoyaui 
and capable of being trans- 
ported to a great distance Jji 
bj the wind. s^S\ 

299. In species of Acacia M B 
simple grains lightlj cohere ^a es 
iniD globular imllets. In km '^m 
Milkvecds and ia most aiu 

Orchids all tbe pollen of aa 

anther-cell is compacted or coherent into one mass, called a PoUcn-maai. or 
PoiinauM, plural Pollinia. (Fig. 319-32-2.) 

iDg Primrose, the thrus lobes ns large ns the tEntrol bodyi 317, of Kalmia, four 
graius anitHl, aa Id most of the Heath rnmil; ; 318, of Pine, as it were of (hrea 
graina or cells united! Iha Uleral empty and light. 

Fia. 31B. Pollen, a pair of pnllinia of a Milkwe&i, Aaelepiaa, Bttadied by stalks 
toaglanii; moderately magnified. 

Fra 32a Pollininm of an Orehia (Habenaiia), with ita stalk altaclied to a 
stii'ky gland; magnified. 321. Some of the packets or partial pnllinia, of which 
Fig. 320 is made up, more magnified. 

Fig. 322. One of the partial potlinia, torn up at top to sbow the grains (which 
•le each composed of fonr), and highly magnlfiad. 
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Section X. PISTILS IN PARTICULAR. 



S 1. ANGI0SPERMOU3 OR ORDINARY GYN(ECIUM. 

300. GyncBoiTim is the technical name for tlie pial.ii or pistils of a 
flower taken collectivelj, or I'or whatever alauda in [ilaoe of tliesE. The 
Tarions modifications of the gjntecium and tlie teniis which relate to 
them require particulur atleation. 

301. Tax PrsTiL, when onl; one, occupies tlie ceutre of the flower; 
when there are two pistils, thej Bt.aud facing each other iii tlie centre of 
the flower ; when several, thej commonlj form a riag or circle ; aud when 
verj nuinerQUH, they are generally crowded in rows or spirals on the sur- 
face of a more or less eiUarged or elongated receptacle. Their number 
gives rise to CBi-tain terms, the counterpart of those used for slamens (384), 
vrhieli are survivals of the names of orders in tlie Linn*au artificial system. 
The names were coined hj prefixing Greek numerala to 'i/yuia used for 
gjnoecium, aod changed into adjectives iii the form of -gynous. That is, a 
flower is 

Moaoggnoua, wheu it has a single pistil, whellier that be simple or com- 
pound; 

Digi/nBia, wheu it has only two pistils; Tfigynnus, when with three; 
Tetragymius, with four; PenlaggHOU, with five; Hexajgiioni, with sis; 
and so oil to Polj/ffynoux. with mnnv [listils, 

303. The Parts of a Complete PistU, as already twice explained (16, 
236), are the Ovifti;, the Stile, and the Stigma. The ovary ia one es- 
sential part: it contains the rudiments of aeeds, called Ovitlxs. The 
stigma at the summit is also essential: it receives the pollen, which fer- 
tiliaea the ovules in order that thej may become seeds. But the style, 
commonly a tapering or slender ooluinn borne on the summit of tlie ovarj, 
and bearing the sLigma on its apex or its side, is no more neocssary to a 
pistil than the filament is to the stamen. Accordingly, there is no style in 
many pistils : in these the stigma is seisile, that is, rests directJ; on the 
ovary (as in Fig. 320). The stigma is very various in shape and appear- 
ance, being sometimes a little knob (as in the Cherry, Pig. 271). sometimes 
a point or small surface of bare tissue (as in Fig. 327-330), aud sometimes 
a longitudinal crest or line (as in Fig. 33i, 341-3i3), or it may occupy the 
whole length of the style, as in Fig, 331. 

303. Tlie word Pistil (Latin, Putillum) ir 
use in the first place for such t 
in which the pistil in the centre was likened tc 
around it to the mortar, of the apothecary, 

301. A pistil is either aimple c 
to a aingle flower-leaf, compound when it answers to two or tJirce, or a 
fuller circle of such leaves conjoined. 



a pestle. It came into 
B of Crown Imperial, or Lily, 
the pestle, and the perianth 



iT aompauad. It is simple when it ai 
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SIMPLE PISTILS. 



[section 10. 

305. Carpels. It is convenient to have a Eame for each llower-Ieaf of 
tlie gyucccJumi so It is called a Carpel, in Latin Carpellum or Carpidium. 
A simple pbtQ is a carpel. Bach component flower-leaf of a componnd 
pistil is likewise a carpet. Wlien a fiower lias two or more pisttla, these 
of course are simple pistils, tliat is, separate carpels or pistil-leaves. Tlicre 
may be only a single simple pistil to the flower, as in a Pea or Cherry 
blossom (Fig. 271) ; tliere may be two such, as in niany Saxifrages ; or 
many, as iu the Strawberry. More coramoulj tljD single pistil in the 
centre of a blossom is a compound one. Then there is Beldom mncb 
difficulty in ascertaiuing tbe number of carpels ur piittil-lcaves that oom- - 

306. The Simple Pistil, viewed morphologically, answers to a leaf- 
blado witli mai^ius incurved and united where they meet, so forming- a 
closed case or pod (the ovary), and bearing ovules at tlie suture or junction 
of these margins : a tapering upper portion with margins similarly iarolled, 
is supposed to form the style ; and these same margins, exposed at tlie tip 
or for a portion of the length, become tlie stigma. Compare, under this 
view, the three accompanying figures. 

307. So a simple pistil should have a one-celled ovary, only one hne of 
attachment for the ovulea, a single utjle, 

Certain rariattons 
from tliia normal condition wliich some- 
times occur do not invalidate tliis mor- 
phological conception. For instance, the 
f stigma may become two-lobed or two- 
ridged, because it consists of two leaf- 
mai^ua, as Fig. 334 shows ; it may 
LB 2-loceI!atB bythe turning or grow- 
ward of one of the sutures, so as ta 
"" "" "" divide the cavity. 

308. TUere are two or three terms wbieli primarily rekte to the parts 
of a simple pistil or carpel, and are thence carried on to the compound 

Ventkal Sdtuhe, the line which answers to the united margins of the 
carpel-leaf, therefore naturally called a suture or seam, and the ventral 
or inner one, because in the circle of carpel-leaves it looks inward or to the 
centre of the flower. 

DoasdL Suture is tlie line down the back of the carpel, answering to 

Flo. 323. An inrolled small leaf, such as in ilouble-flovBreii Cherry bloBSoms ii 
often seen to occupy the place of a pistil. 

Fio. 324. A simple pistil (of Isopyrum), with ovary cut across ; the inner (ven- 
tral) face tnmed toward the eye: the ovules seem to lie be me on tbe ventral Intars, 
answering to leBf-margins : the stigma above seen also to answer to leaf-margins. 

Fio. 325. Pod or simple pistil of Caltba or Manh-Uarigold, tiliich has o] 
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th(! midrib of the leaf, — not a aeam tlierefore ; but at matnrity many fruits, 
snch as pea-pods, open bj this dorsal as well as by Ihe ventral line. 

Placbsta, a name given lo Ibe surface, whatever it be, which bears 
the ovules and seeds. The name may be needless when the ovules grow 
directly on ihe veiitral suture, or from ils top or bottom ; but when there 
are nianj oYules there 13 usually some eipanaion of an ovule-bearing 
or seed-bcaricg surface ; as is seen in our Mandrake or Podophyllum, 
Fig. 326. 

309. A Compound Pistil is a combination of two, three, or a greater 
nnmber of piatil-leavea or carpels in a circle, united into one body, at least 




by their ovaries. The auneiod figures should make it clear. A series 
of Sasifragca might be selected the gynaecium of which would show erery 
gradation between two simple pistils, or separate carpels, and their com- 
plete coalescence into one compound and two-celled ovary. Even when 
the constituent styles and stigmas are coaipletely coalesceot into one, the 
nature of the combinatiou is usuallj revealed by some external lines or 
grooves, or (iis in Tig. 32S-330) by the internitl parti tion.-i, or the number 
of the placeutce. The simplest case of compound pistil is tliat 

310, With two or more Cells and AixUe Placentae, namely, with aa 
many cells as there are carpels, that have united lo compose Ihe organ. 



Fig. 326. Simple pistil of Podophyllun 



Lt Bcroes, Bhowiog ovalea bome on 
s, united at 



Fig. 327. Pistil of a Saiifrngf, of two simpla carpels or plstiWe* 
tb« baw odIj, cut acroas both ahove and below. 

Fio. 328. Compounil S^nrpellary ptatil of common St. John's-wort, out ttcrosa r 
the three styles separate. 

Pio. 329. The same of Hhrubby St. John'a-wort ; the three stjies as well as 
ovariRS here nnii«d into one. 

FlO. 330. Compound Scarpelfary pistil of TroiJeicantii or Spiderwort ; the three 
■tignus &s well as stjIes and ovary completely coaleacent into oi 
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Such a pistU is just trliat would be formed if tlje simple pistils (two, tbree, 

or Qve in a circle, as tlic cuse luaj buj, Uke tliusc of a Pffioii; or Stonecrop 

(Fig. i2i, 83S), pceaaed togctber iu tbe ceuti'o of lije flower, 

were lo cohere bj tbcir coutiguous ports. Ju sucL a case 

the pluceulie are uutui'ull,v axile, oi- all brought together !□ 

tlie axis or ceutrc ; and the ovarj has as inauy Dihsepihekts, 

DF JDterual ParlUioAi, as there are carpels ill its composition. 

For these are the coutiguoua and coalcaceut walla or sides of 

the compoueut car|>cls. Wheu such pistik ripBU into pcdb, 

the; often separate along these hues into their ekmcutai'j 

311. Oue-oelled, with free Oentral Racenta. Tbe 
commouer case is that of Puralatie (Pig. S72) uud of the 
Piult and Chickweed families (Fig- 331, 332). This is ex- 
plained by supposing that the partitions (such na those of 
Fig. 339j have early vanished or have been suppressed. In- 
deed, traces of tliera may often be detected iu Pinks. On the other hand, 
it is eqiiallj snpposable that in the Primula family tbe free central is de- 
rived from parietal placcntatiou by the carpels bearing ovules 
only at base, and forming a eonsolldated commou placenta 
iu the axis. Milella and Dioniea help out this conception. 

312. One-oelled, with Parietal Placeatss. Intblai 
uncommon case it is conceived that the two or three 
more carpel-leaves of snob a compouud ^\%i\\ coalesce by f 
their adjacent edges, just as sepal-leavea do to form a gamo- V 

, — ^. - M|ialous calyx, 

jC^^^il y^^-:^^^ "^ petjds to form 




333. and i 

actual ci 
tion. Fig. 33J;. Here each carpel is an open leaf, o 
bearing ovules along its margins; and each placenta consists of tbe con- 



Fio. 331, 332. Pistil of a. Suniivort, with verticd nod transverae section of the 
ovary ; tree central placoittt. 

Fjo. 333. Flan of a anc-ccUed ovary of tliree carpel -leaves, witb parietal pla- 
eentffi, cat across balow, where It i<: complete ; the upper part showing the top of 
tbn three leaves it is coTiiposed of, approacbiDg, hut not united. 

Fla. 33i. Cross section nf the ovary of Frost-weed (Heliantheinum), with thrN 
parietal placeots, bearing ovules. 

FlO. 835. Cross section of an ovary of Hypeiicnm gravoolens, tha three large pla- 
eentffi meeting in the centre, so as to form a three-celled ovary. 336. Same in rroit, 
IJiu placentae now separate sod roua'ded. 
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tiguouB margins of two piatil-leaves grunii togetber. There is ccery grada- 
tion between Ibis and tUe tbree-cclled ovar; witb the plnceiitie in tbe axi», 
even iu tlje same genus, sometimes even in different stages in tlie same 
pUtil (Fig. 335. 3a6). 

S 2. GYMNOSPERMOUa GYNCECIUM, 

313. The ordiuar; pistil lias a closed ovary, and sccordiugl; tbe pollen 
can act npon tlie contained ovules only indireoUj, tlirougb the stigma, 
Tbia is expressed in a. term of Greek derivation, viz. : — 

Angioipermowi, meaniog tbut tbe seeds are borne in a sao or closed 
TeaseL Tbe counterjwirt terra ia 

GymnorpermoHi, meauing uaked-sccded. This kind of pistil, or gyno^- 
oium, tbe simplest of all, yet tbe most peculiar, cbaracterizes tbe Pine 
&mily and i's relatives. 

814. Wliile tbe ordinary simple pistil is conceived by tbe botanist to 
^^1^ be a leaf rolled togetber iuto a closed pod (306J, tlioae of the 
^1^^ Fine, Larcb (Fig. 337), Cedar, and Arbor- Vitce (Fig. 338, 
^EfPP 339) nre open leaves, in tbe form of scnlcs, cacb beariug two 

^'^r or more ovnles on the inner face, next tbe base. At tbe time 
^ of blossoming, Ibese pistil-leaves of tbe yonog cone divei^e, 

and tbe poUeu, so abundantly sbed from the stanj- 
iiukte blossoms, foils directly upon tbe exp 
ovules. Afterward tbe scales close over eacht, 
otber until tbe seeds nre ripe. Tben thej se|)a- 
rate that tbe seeds may be abed. As Ibe pollen 
acts directly on tbe ovules, siicb pistil (oi oi^an ) 
actbg na pistil) lias no stigma. 

315. In llio Yew, and in Torreya and Gingko, 
tlie gyneecimn is reduced to extreinest simplicity, 
that is, to a naked ovule, witliout any visible 

316. In Cycaa tbe large naked ovules are borne 

on tbe raai^ius or lobes of an obvious open leaf. All GYMNosPEEMOca 
plants have other peculiarities, also diatiuguisbing tbem, as a claas, from 
A»GiosPEauoua plants. 




Plo. 337. A pistil, that Is, a scalo of the cons, of a Larch, at the time of flower- 
ingi inside view, nhawlug its pnir of nuked ovtile<i. 

Pio. 338. Bnuiclilet of the AmerLcan Arbor-Vitie, connii^erahly larger than in 
nature, termlnatwl by ita piftillste flon-era, each conaiating of a single seala (an 
^len pistil), together forming a small cone. 

Fia. 338. One of the roales or carpeU of the last, removed and more enlarged. 
tbe inside eipoaed to view, ahowing a pair of ovuloa on its baas. 
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Section XI. OVULES. 




317. Ovule (rroni iIir Latin, meaning a little egg) is the technical name 
of that which iu tbe Hower aiiawers to and becomes tlie seed. 

318. Ovules are naktd in gymuospermoua planta (as just described) ; in 
all others thej are enclosed io tbe ovarj. Thej may be produced along tlie 

n whole length of the cell or cells of the ovary, and then they aca 

/f^N^ apt to be numerous; or oulj from some part of it, genetsUj 
^N^V the top or tbe bottom. In tbis case tbey are usuBJly few or 
(t^ single (lolilary, as in Tig. 311-343). Tbey may be teiiilt, 
^^ L B. without stalk, or tliey may be attached by a distinct stalk, 
3« tbe ruNicLB or Ftjsicolus (Fig, 340). 

319. Considered as to tlieir position aud direction iu the ovary, they (le 
fforiioalal, when lliej are neither turned upward not downward, as in 

Podopbyllum (Fig, 326) ; 

Anceadisff, wlien rising obliquely upwards, usually from the side of the 
cell, not from its verj base, as in the But- 
tercup (Fig. 341), and the Purslane (Fig. 
272): 

Sreel, when risiug upright from the | 
very base of the cell, as in tbe Buck, 
wheat (Fig. 342) ; 

Pendaious, wlien hanging from the 311 342 8tS 

side or from near the top, as in the Flai (Fig. 270) ; and 

Suipeitded, wlien hanging perpendiculiirlj from the veij summit of tho 
cell, as in the Anemone (Fig. 343), All those terms equally apply to 

320. In structure an ovule is a pnlpy mass of tissue, usually with one 
or two coats or coverings. Tbe following parts are to be noted ; viz : — 

Kebsel or Nucleus, tbe body of tbe ovule. In the Mistletoe and soma 
related plants, tliere is only tbis nucleus, the coats being wanting. 

Teguments, or coats, sometimes only one, more commonly two. When 
two, one has been called Primise, the other SBcnNDiKB. It will serve all 
purposes to call tliem simply outer and inner ovule-coats. 

O^ii'ICE, or FoKiHEN, an opening through the coats at tbe organic apex 
of the ovule. In the seed it is Mif.rojiyle. 

CuALiZA, the place where the coats and the kernel of the ovule blend. 

HiLUM, tbe place of junction of the tunioulua with the body of the ovnie. 

Fio. 340. A cluster of ovales, perduJona an their fimicles. 

Fio. Sil. Section of the ovary of B Buttercup, lengthwise, showing lis ascen^ng 

Fio. 342. Section of the ovary of Buc1[whea.t, showing the erect ovnl& 

Fia 343. Section of ttie ovaiy of Anemone, allowing its mspended OTnl*. J 
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331. The Kinds of Ovules. The ovules iti their growth develop in 
three or four different wbjs, and thereby are distinguished into 

OrlAolrafoua or Slraight, those which develop without curving or turn- 




ing, aa in Fig. 3ii. The ehalasa is at the iusertion or base ; the foramen 
or orifice is at the apex. This is the siniplest, but the leaat commoa kind oE 

Campylolropoa$ or Incurtei, in which, bj the greater growth of ouc side. 



''3^00QQ 




the ovule curves into a. kidnej-sbaped outline, ao bringing tlie orifice down 
close to the base or ehalaza; aa in Fig. 3i5. 

AmpMtropoiu or Half-IaaerUd. Fig. 3i6. Here 
the fotinitig ovule, instead uf curving perceptibly, 
keeps its axis nearly straight, and, as it grows, turns 
round upon ils base ao far as to hecomc transverse to 
its funiculus, and aduate to its upper part for some 
diatance. Therefore in this case the attachment of 
the funiculus or stalk b about the niiddle, tlie chal- 
Bza is at one eud, the oriQce at the other. 

Analropoui or lacerted, as iii Pig, 347, the com- 
monest kind, so called because iu its growth it lias 

as it were turned over upon its stalk, to wiiicli it has continued adnate. 
The organic base, or ehalaza, thus becomes the apparent summit, and the 




Fib. 3M. Orthotropous ovulo of Buckwheat: c 
Flo. 345. CampjlotropouB ovule of » Chictweed 
PiQ. 346. Amphitropous ovule of Mallov: /, 



hibii 



and nh.ilaza; /, orifice, 
urn and chnlaza ; /, arlfice. 
A, hilumi r, rhiphe; c. 



Tia. S47. AtiatropouaoTuleof a Violet; the parts leltsred as in the la*t. 

Fro. 3*8-350. Tliree early Btages in the growth of ovule of a Magnolj», showing 
the fonniag outer and inner eoata, which, even in the later figure hase not yet 
completely endoRed the nuoleus ; 351, further advanced, aurt 352, completely aua- 
trnpouB ovule. 

FiQ. 353. Longitudinal section, and 354, tnin) 

Fig. 355. Same as 353, enlarged, showing the parti 
i, ioner coat l e, nucleusi d, rbaphe. 




THE RECEPTACLE. [SECTION 12. 

orifice is at tlie bwe, bj the side of tUe hilum or place of attachment Tlie 
adoste portion of tlie funiculus, wbick appears as a ridge or cord exteadiug 
from the liilum to the chaksa, and which distinguislies this iiiod of ovule, 
is called the Rhaphe. The ainphitropous ovule (Pig. 346) has a short or 
incomplete rhaphe. 

3S2. Pig. 3i8-353 show the stages through which an ovule becomes 
anatropous ia the course of its growth. The annexed two figures are sec- 
tioas of such an ovule at iiiaturitj ; and Fig. 355 is Fig. 333 enlarged, 
with the parts lettered. 



Section XII. MODIFICATIONS OF THE EECEPTACLE. 



333. The Torus or Receptacle of the flower (237. Fig, 223) is the por- 



tion which belongs to the stem o 
small and short. But it sometim 
ouslj enlarges, aod takes on vari 
special names, xerj fen' of which 
tioQ of tlie receptacle is called 
A SiifE. This name, which 



In all preceding illustrations it is 
lengthens, sometimes thickens or vari- 
s forms. Some of these have received 



limply a tinink or stalk, is used in 




botnnj for various stalks, even for the leaf-stalk in Feras. It is also applied 
to the stalk or petiole of a carpel, in the rare cases when there is any, as iu 

FlU. 356. Langitudinal section of flower of SUeno PennaylvHaica, showing stipe 
between calyx ajid curolla. 

Fid. 357. Flower of a deooiB at the aecUan Qyaaadropsia, ahowing broadened 
re<ieptacle Co bear petals, leagttieiied stipa below the etameoi, and anotber bstweon 
these and pistil. 

FiQ. 358. Pistil of Qeraiiium or CranesbUl. 

Fia, 359. Tbe same, ripe, witli the Sve carpels splitting away from the long 
beak (carpophore), and banging from its top by their recurving atyles. 
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Goldtiiread. Tlien it ia teclimcally distinguislied as a THECAPm/KB, When 
Ibere is u stalk, or leagtiiened mtemode of receptacle, direetlj under a 
utiiiipuimd pisid, as in tStanleja aud some otbec CrucifcrEC, it is culled a 
Gtsopuobe. Wlien tlie sUUt is developed below tbe stamens, as in most 
Bpceiea of Sdene (Fig. 356), it Las been called au Amhophoke or GioNO- 
PBORE. lu rig. 357 the torus is ddatcd aboTe the calyi «bere it bears 
tlie petals, tliea tbere is a. long mternode (gDnophore) between it aud tie 
stamens 1 then a shorter ooe (gjuophoro) between these and tlie pistd 

324. A CaipophorB is a. pioloiigalion of receptacle or a^is between the 
carpels and beai'Iug tlieiu. Umbelliferous plants and Gerjoiuni [Fig 838, 
359) afford characteristic examples 

325. Flowers with verj namerona simple pistils genemlly have the re- 
ceptacle enlarged so as to give Ihetn room , sometimes becoming broad and 
Oat, as in the Flowering Kaspherrj, sometimes elougated, as in the Black- 




berry, the Magnolia, etc. It ia the receptacle in tbe Strawberry fFig. 360), 
niueb enhii^d and pulpy when ripe, which forms the eatable part of tlie 
fruit, and bears the small sccd-Uke pistils on its surface. In the Rose 
(Fig. 361), instead of being convex or conical, tlie receptacle is deeply 
concave, or um-shaped. Indeed, a Rose-bip may be likened lo a straw- 
berry turned inside out, like the linger of a glove revened, 
Vii the whole covered bj tbe adherent tube of the caljs. 
Tlie calyi remaina benealli in tlie strawberry. 

326. In Nelunibium, of tlie Wal«r-Lilj family, tbe singu. 
lar aud greatly enlarged receptacle is aliaped like a top, and 
bears the small pistils immersed in seprate cavities of its flat I 
upper surface (Fig, SfiS). 

327. A Disk is an enlarged low receptacle or an ( 
growth from it, hgpoggmia when underneath t!ie pistil, ai 
Rue and the Orange (Fig. 303), and periffgnom when aduate 

to calyi-tube (as in Buckthorn, Kg. 364, 365), and Cberrj (Fig. 271), ( 



inal SI 






FiQ. SSI. Similar seutian of a. young Ro 
FlQ. 362. Enlargtul and top-ahaped rece; 
Fig. 303. Hjiiogyuaus disk in Orange. 



BwbEiTj, enlarged. 
3 of NelumUuiD, at n 
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to both caJji-tube and ovarj, i 




'3). A flattened H 
lerlviartiie ovaiT ^* 



1 Hiiwthoni (Fig- 273). 

hypogjuoas diiik, miderljiag tlie ovarj 

>varii;3, and from wliich tbej fall 

y at maturity, is sometimes called 

1 GvNOBA-SE, as in llie Rue fatnily. 

In sotne Borragineous flowers, such as 

HanndstoLigue, tLe gynobase runs up 

""" "^ ill the centre betweeu the carpels into 

a carpophore. Tiie so-calied epigynoia disk (or Sttlopodiitm) crowning 

the summit of the ovary la flowers of UmbelliTertt, etc., cannot be said to 

belong to the receptacle. 



Section XIII. FERTILIZATION. 

328. The end of the flower is attained when the ovules become seeds. 
A flower remains for a certain time (longer or shorter aecording to the 
species) in aslkesia, that is, in the proper state for the fulfilment of this 
end. Dnring aatlicsis, the ovules have to be fertilized by the pollen ; or at 
least some pollen has to reach the stigma, or ia gymnospermy the ovnle 
itself, and to set up the peculiar growth upon its moist and permeable tds- 
aue, which has for result the production of an embryo in the ovules. By 
this the ovules are said to he /erliUsed. The first step is poUinalion, or, 
BO to say, the aowiug of the proper pollen upon the stigma, where it is ta 



5 1. ADAPTATIONS FOR POLLINATION OF THE STIGMA. 

329. These various and ever-interesting adaptatii 
illustrated in the "Botanical Test Book, Structural Botany, 
scot, iv., also in a brief and simple way in " Botany for Young 1 
Plants Behave." So mere outlines only are given here. 

330. Sometimes the application of pollen lo the stigma is left Ui chaace, 
as in dicecious wind-fertilized flowers ; sometimes it is rendered very sure, 
as in flowers that are fertilized in the bud ; sometimes the pollen is prevented 
from reaching tiie stigma of the same flower, allhoogb placed very 
it, bat then there are always arrangements for its tmnsference to the stigma 
of some other blossom of the kind. It b among these last that the most 
exquisite adaptations are met with. 

331. Accordingly, some flowers are particularly adapted to close or self- 
fertiltzatioQ ; others to cross fertilization; some for either, according to 
circumstances. 
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CloK Ferlilhation occurs when the pollen reaches and acts upon a stigma 
of the vecj same flower (tliis is also called self-feitilizalion), or, less closely, 
upoa other blossoms of the same cluster or the same individual plant. 

CrMi FeriUizalioa occnrs wlien ovules are fertilized by pollen of other 
individuals of the same species. 

Hgbriduatioit occurs tvhen ovules ate fettilized by polleu of some other 
(neceasnrily some nearl^v relnted) species. 

333. Close Fertilization would aeein to be tbe natural result iu ordi- ' 
nary hermaphrodite flowei-s ; but it is by no means so in all of them. More 
commonly the arrangements are such lUat it takes place only after some 
opportunity for cross fertilization baa been aEFovded. But close fertiliza- 
tion is inevitable in what are called 

CleMogamovji Flowers, that is, iu tbose which are fertilized in the flower-, 
bud, wliila still unopened. Moat flowers of tliis kind, indeed, never open 
at all; but the closed floral coveriugs are forced off by the growth of the 
precociously fertilized pistil. Common esamples of this are found in tlie 
earlier blossoms of Specularia perfoliata, in the later ones of most Violets, e&* 
pecially the stemleas species, in our wild Jewel weeds or Impatiens, in the 
subterranean shoots of Amphicarp»a, Every plant which produces these 
cleistogamous or bud-fertilized flowers bears also more oonspicuous and 
open flowers, usually of bright colors. The latter very commonly fail to 
set seed, but the former are prolifio. 

333. Cross Fertilization is naturally provided for in dicecious plants 
(249), is much favored iu moncecious plants (249), and hardly less so in 
dichogamous aud in heterogonous flowers (338). Cross fertiliHtion depends 
upon tbe tranaportatiott of pollen ; and the two principal Bgeats of convey- 
anoe are winds aud insects. Most flowers are in their whole structure 
adapted either to ilie one or to the other. 

334. Wlnd-fertilizable or Anemophilons flowers are more commonly 
diiEcions or moucccious, as in Piues and all coniferous trees. Oaks, and 
Birches, and Sedges ; yet sometimes hermaphrodite, as in Plantains aud 
most Grasses ; they produce a Buperabuudance of very light pollen, adapted 
to be wind-borne; and they offer neitlier nectar to feed wiuged insects, 
aor fragrance nor bright colors lo attract Ihem, 

336. Inseot-fertUizable or Entomophllous flowers are those which 
are songlit by iusects, fur pollen or for nectar, or for both. Through their 
visits pollen is conveyed from one flower and from one plant Xa another. 
Insects are altracted to such blossoms by their bright colors, or Iheir fra- 
graooe, or by the nectar (the material of honey) there provided for them. 
While supplying tlieir own needs, they carry pollen from anthers to stigmas 
and from plant to plant, thus bringing about a certain amount of cross fer- 
tilization. Willows and some other dicEcioua flowers are so ferlilined, 
chiefly by bees. But most insect- visited flowers have the stamens aud pis- 
tils associated either in the same or in contiguous blossoms. £veu when 
iu the same blossom, anthers and stigmas are very commonly so aitnatcd 
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tlittt iiuder msect-TisifatioB, some pollen is more likelj to be deposited upon 
utlier lUuu upon own stigmas, so giviug a cLauca tor cross aa well as for 
close fenilixatiou. Ou tlie other lionil, numerous flowers, of ver; various 
kinds, havR their parts so arraiigtidtbattlie; must almost necessarilj be ciijss- 
fertilized or be barren, and are therefore dependent upon the aid of insects. 
This aid is Eecured bj dilferent exquisite adaptations and ooutrivauces. 
wliich would uecd a volume for full illuslratioM. Indeed, there is a good 
Qurober of volumes devoted to this subject,' 

336. Some of the adaptations wliicb favor or ensure cross fertilization 
are peculiar to the particular kind of blossom. Orchids, Milkweeds, Eal- 
mia, Iris, and papiliooaceous flowers each liave their ovn special contriv- 
ances, quite diflereut fur each. 

337. Irregular flowers (253) and especially irregular corollas are usu 
ally adaptatious to bisect- visitation. So are all Neclanea, whether hollow 
spurs, saes, or otber concavities iu which uectar is secreted, and all nectar- 
ifitroui fflaitds. 

338. Moreover, there are two arrangemeuts for cross fertilization com- 
mon to hermapbrodite flowers iu various different families of plauls, which 
have received special names, Dickoffainj/ and Ueterogony. 

339. Diohogamj- ta Ibe commoner case. Flowers are dickogamma when 
tbo anthers discharge their pollen cither before or after the stigmas of tbat 
flower are in a couditiou to receive it. Such flowers are 

Proterandroiti when the anthers are earlier than the stigmas, as in Gfen- 
tians C p 1 Ep lobinm, etc. 

P ier ff9 m wb the stigmas are mature and moistened for the re- 
cept f p 11 b f re the authers of that blossom are ready to supply 
it, and w th r^d before that pollen can be supplied. Plaulaiiis or 

Ribw rt ( tly w d-fertiliacd) are strikiugly protcrogjnous : so is Amor- 
pha, P p w Sc phularia, oad in a less degree the blossom of Pears, 
Hawthorns, and Horae^ihestnul. 

SW. In Sabbatia, the large-flowered species of Epilobium, and strikingly 
in Clerodendron, the dichogamy is auiiplemeiited and perfected by move- 
juents of the stamens and style, one or both, adjusted to make sure ot 
cross fertilization. 

3il. Hetarogony. This is the case in which hermaphrodite and fer- 
tile flowers of two sorta are produced on different iudiTiduals of the same 
species; one sort having higher anthers and lower stigmas, the other har- 
ing higher stigmas and lower anthers. Thus reciprocally disposed, a viait- 
iug insect carries pollen from the high anthers of the one to the high stigma 
of the other, and from the low anthers of the one to the low stignm of the 
other. These plants are practically as if dicecious, witli tbe advautoige that 

1 Beginning with one tj C. C. Spren^l ir, 17B3, and BgBtn in onr day wIlli 
Darwin, " Ou tie Varinus Contrieanccs by wlich Orchids are fertilized by luBects." 
and in lucceedlng worki. 
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botli kinds are fruitful. Honatonia and Miteliella, or Partridge- berry, are 
escelleiit and familiar eiamples. These are cases of 

Heterogone DimorphUm, tile relative leiigtlis beiag onlj sliort and long 
reciprocally. 

Heterogom Trinorphism, in wUicU there is a mid-length as well as a long 
and a ahoi-t set of stamens and atjie; occurs in Ljtliritui Salioariii and soniE 
species of Oxalis- 

348- There must be some essential advantage in cross fertilization or 
cross breeding. Otherwise all lliese various, elaborate, and exquisitely 
adjusted adaptations would be aimless. Doubtless the advantage is the 
same as that which is realized in all the higher animals bj the diatinclion 
of aeiea. 



\ a. ACTIOS OP POLLE.V, AND FORMATION OF THE EMBRYO. 

343. Pollen-growth. A grain of pollen may be justly likened to one 
of the simple bodies {iporei) which answer for seeds in Cryptogamoua plants. 
Like one of these, it is capable of germination. When deposited upon the 
moist surface of the stigma (or in some cases even when at a certain dis- 
tance) it grows from some point, its living inner coat breaking through the 
inert outer coat, and protruding in the form of a, delicate tnbe. This as it 
lengthens penetrates the loose tiasua of tlie stigma and of a loose conduct- 
ing tiMue in the style, feeds upon tlie nourishing liquid matter there pro- 
vided, reaches the cavity of the ovary, eaters the oriSce of an ovule, and 
attaches its estremity to a sac, or the lining of a definite cavity, in the 
ovnle, called the Sinbri/o-Sac. 

34i. Origination of tlia Embryo. A globule of living matter in the 
embryo-sac is formed, and is in some way placed in close proiimity la the 
apei of the pollen tube ; it probably absorbs the contents of the latter ; it 
then sets up a special growth, and the Embri/o (8-10) or rudimentary 
plantlet in the seed is the result. 



Section XIV. THE FRUIT. 

345. Its Katnre. The ovary matures into the Fruit. In the strictest 
sense tbe fruit is the aecd-vesseli teclinically named the Pericarf. But 
practically it may include other parts organically connected with the peri- 
carp. Especially the calyx, or a part of it, is often incorporated with the 
ovary, so as to be undistinguisliahly a portion of tbe pericarp, and it even 
forms along with the receptacle the whole bulk of such edihie fruits as 
apples and pears. The receptacle is an obvious part in blackberries, and 
is the whole edible portion in the strawberry. 

346- Also a cluster of distinct carpels may, in ripening, be consolidated 
or compacted, so as practically to be talien for one fruit. Such are raspber- 
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ries, blackberrieB, tlie Magnolia frait, etc. Moreover, the ripened product 
of many flowers moj be conipaeled or grown together ao^ to form a siu^la 
compound fruit. 

347. Its kinds have tlerefore to be distbguialied. Also various naaies 
of comnou use in descriptive botnoj have to he mentioned nud defined. 

34S. In respect to comjKisitiou, aecordiuglj, fruits may be classified 
into 

Simple, those which result from the ripening of a single pistil, and con- 
sist only of tlie matured ovary, either hy itself, as in a cherry, or with 
ddyi-tube completely incorporated vfith it, as in a gooseberry or cranberry. 
Aggregate, when a cluster of carpels of the same fiower are crowded into 
a mass ; as iu raspberries and blackberries. 

Accessory or Aalkocarpoiis, when the surroundings or supports of Hie 

pistil make up a i>turt of the masa ; as does 

the loose calys changed into a fleshy and 

berrj-like envelope of our Wiulergreen 

(Gauitheria, Fig. 366, B67) and Buffalo- 

herry, which are otherwise simple fruits. 

In an aggregate fmil such as the straw- 

SflS "^ berrv the great mass is receptacle (Fig, 

360, 368) , and in the blackberry (Fig 369) the juioy receptacle forms the 

central part of the savory m 




Mulliple 




distinguished into tluee kinds, 
Fleeiy FtuiU, those which ar 



id from several flowers consolidated 
into one moss, of which the common 
receptacle or axis of inflorescence, 
the floral envelopes, and even the 
bracts, elc , make a part. A mul- 
berry (Fig 408, which suparfieially 
much resembles a 
blackberry) is of this 
multiplesort. Apine- 
apple is aoother ex- 

349. In raspect to 
testure or consist- 
370 ence, frnit* may be 

<r less soft and juicy thropghont ; 



FlU. sea ForminK fruit (capsule) of Ganltheria, with cjilyi thickening around 
its base 867. Section of annie matnrs, the berrj like calyx nearly entdoaing th« 

FiQ. 368 Section ofa part of a strawbEm. Compare with Fig. 860. 

FiQ 369 Similar section of part of a blackberry 370. One of ita cHnponent 
simple fruits (drupe) in section, ehon-ing the pulp, atone, and contained seed. luon 
enlarged. Compare witb Fig. 37S. 
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Slona Fruits, or Drupaeeoui, tlis outer part flesb; like a berrj, the inner 
hard or stou;, like a nut ; and 

Dry Fruits, those which have no flesh or pulp, 

350. lu refereuce to the wa; of diasemioating the C0L.taiDed seed, fruits 
are said to be 

Indehiacenl-vihua the;f do not open at maturitir. flesh; fruits and stone 
fruita are of course indehiscent. The seed becomes free oclj through 
decaj or bj being fed upou by animals. Those which escape digestion are 
thus disseminated by the latter. Of dry fruits many are indehiscent; and 
these are variously arranged to be transported by animals. Some burst 
irregularly; many are 

Dekuctnl, that is, they split open regularly along certain lines, and 
discharge the seeds. A dehiscent froit almost always contains many or 
several seeds, or at least more than one seed- 




SSI. The principal kinds of fruit which have received substantive names 
and are of common use Id descriptive hotany are the following. Of fleshy 
fruits the leading kind is 

352. The Berry, such as the gooseoerry and currant, the blueberrj 
and cranberry (Tig. 371), the tomato, and the grape. Here the whole 
flesh is soft tliroughout. The orange is a berry with a leathery rind. 

353. The Pepo, or Gourd-fruil, is a hard-rinded berry, belonging tfl 
the Gourd family, such as the pumpkin, squash, cuoiiraber, aud melon, 
rig, 372, 373. 

354. Tha Pome is a name applied to the apple, pear (Fig. 374), and 
quince; fleshy fruits, like a berry, but the principal thickness is calyx, only 



Fio. 371. Leafy shoot uid berry (cut across} ot the larger Cranberr;, Vacdnlum 



FlQ. 372. Pepo of Oourd, in section. 373. One carpel of wme in diagram. 
JPia. 374- Longitudinal and ttansverae sections oT a pBar (pome). 
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a the core leallj belonging to tbe , 
a drupaceous pome, something be- t 





the psper; pods arranged like a sta 
carpels. Tlie fruit of the Uawthoni 
tweeu pome and drupe. 

335, Of fruita wliich are eitemallj Heahj and intemall; hard the lead- 
ing kind is 

356, Tlia Dmpe, or Sioite-fruii ,• of wbicli the cheny, plum, and peach 
(Fig 3/5) are familiar examples. In this the 
outer part uf the tliickness of the pericarp be- 

lea iesbj, of softens like a berrj, while the 
;r hardens, Uke a nut From the waj in which 
/ the putil IS cotutmcted, it is evident that the 
fleshj part here answers (o the lower, end the 
stone to the upper face of the component leaf. 
The layers or concentric portions of a drupe, or 
of aiij pericarp which is thus separable, are named, 
""' when thus distinguishable into three portions, — 

EpUarp, the external lajer, oHen the mere skin of the fruit, 
ileioeaiy, the middle lajer, which is commonlj the fleshy part, and 
Sudgcarp. the innermost layer, the stone. But more commonly only two 
portions of a drupe are distinguislied, and are named, the outer one 

Sarcoearp or Exocarp, for the flesh, the first name referring to the Besbj 
character, the second to its beiog au external layer; and 
Putamem or Endocarp, the Stone, within, 

357. The typical or true drupe is of a single carpel. But, not to multiply 
technical names, this name is extended to all such fruits wheu 
fleshy without aad stony withio, although of compound pistil, 
— e?en to those having aeveral or separable stones, such as the 
fruit of Holly. These stones in such drupes, or drupaceous 
fruits, are called Pgrena, or Nue%k», or simply Nutlets of 
the drupe. 

35S. Of Dry fruits, there is a greater dirersitj of kinds hav- 
ing distinct names. The indehis- 
cent sorts are commonly one- 
seeded. 

35!). The Akene or Acho- 
nlom is a smalt, dry aud indehis- 
ceut one-seeded fruit, ofteo so 
seed-like in appearance that it is 
popularly taken for a naked seed, 
is a good ciample, Fig, 37B. 377. 

Fio.3 



I 




The fruit of the Butt«r oop or Crowfoot | 
Its nature, as a ripened pistil (iu 



. Iiongituilinal Beotion of a ppaoh, showing flesh, stone, and sei 
PlO. 376. Akena of a Buttercup. 377. The same, divided Ungthwisi 

tie contained seed. 

Pio. 378. Akena of Virgio's-bower, retaining the festhered style, vbv 

dLaseoiination. 
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case a simple carpel), is apparent bj its bearing the remans of a style of 
itigraa, or a scar from wliich this iias fallen. It may retain the style and. 
use it in various ways fur disseiniiiatioii (Fig. 378), 

360. The fruit of Corapoaitai (tliougli not of a single carpel) ia also an 
akene. In this case the pericarp is invested 
by an adherent caljs-tube; the limb of which, 
when it has any, is called the Pipptis. This || 
name was first given to the down like that o 
the Thistle, hul ia applied to all forms under * 
which the limb of the calys of the " compound 
flower" appears. In Lettuce, Dandelion (Fig. 





3S4), and the like, the acheniuni as it matures tapers upwards into a slender 
beak, like a atalk to the pajipus. 

361. A Oremooarp (Fig. 385), a name given to the fmit of UmbelU- 
ferce, consists as it were of a pair of akenes united c 
plelely in the blossom, but splitting apart when ripe | 
into the two closed carpels. £ach of these is a Meri- 
eerp or Heaiiyarp, names seldom used. 

3G3. A Utricle is the same as an akene, but with 
a thin and bladdery loose pericarp j like that of the 
Goosefoot or Pigweed (Fig. 386). When ripe it may 
burst open irregularly to diacliarge the seed ; or it may 
open by a circular line all round, the upper part fall- 
ing off hke a lid ; as in the Amaranth (Fig. 387). 
^ 363- A Caryopsis, or Grain, is like an akene with 

the seed adheriug to the tliin pericarp throughout, so 
that fruit and seed are incorporated into one body ; as in wheat, Indian 
com, and other kinds of grain. 
364. A Nut is a dry and indebiscent fruit, commonly oneKielled and one. 

FlQ. 37B. Atene of Mayweed (no pappus). 380. That nf Succory (its pappus i 
dndlow cnp). 381. Of Sunflower (pappua of two dei 
Sneraeweed (HeUnium), with its pappuB of fiva scales. 
lt« p»ppua of delicate downy haifB. 381. Of the Dande 
dlong beak. 

Fib. 385. Fmit (cremocarp) of Osmorrlilza; the two akeuB-like ripe carpels sep- 
arating at maturity from a, slender axis or carpophoi'se. 

FiQ, 38S. Utriclaofthf common Pigweed (Chenopodjum albnm). 

Flo. 387. Otriole (pyxis) of Amarantii, opening alt round (drcumacU^i). 
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seeded, with a hard, crastaceous, or booj wall, such as the cocoanut, hazel- 
nut, eliealnut, and the acorn (Fig. 37, 3S8.) Here tlje 
involucre, in the form of a cup at tlie base, la called tlie 
CuPCLE. In the Clicstuut the cupule farms the bur; in 
the Hazel, a IcaK husk. 

8C5. A Samara, or Kej'fiTiit, is either a nut or an 
akene, or any other iudebisceot fruit, furnished with a wtng, 
Uke that of Ash (Fig, 389), and Elm (Fig. 390). The 
Maple-fruit is a puir of kejs (Fig. 391). 

366. Dehiscent Fruits, or Pods, are of two classes, Tiz., 
those of a simple pistil or carpel, and those of a compound 

pistil. Two common sorts of the first are named es follows : — 

367. The Folllole is a fruit of a simple carpel, which dehisces down one 
side on!j, i. e. bj the inner or ventral suture, 
fruits of Marsh Marigold (Fig. 392), Pteonj, Iiarkapur, jj 
and Milkwe<-d are of this kiud. 

368. The Legmne or true Pod, such as the peapod il 
(Fig. 393), and the fruit of tlie Leguminous or Pulse } 
fauiilj geuerallj, b one which opens along the dorsal ai 

a the ventral suture. The two pieces 





into wliich it splits are called Valves. A Loment is a legume which is 
constricted between tlic seeds, and at length breaks up crosswise into dis- 
tjnotjoints, asinFig. 394. 

369. The pods or deliiscent fruits belonging to a compound ovarj have 
several teciinioal names : but they all niaj be regarded as kuids of 

370. The Capsule, the dry and dehiscent fruit of any compound pistil. 
The capsule may discharge its seeds Ihrough chinks or pores, as in the 



FiQ. 383. Nut {acorn) of the 0»k, with tie uu 
Fia. 3S0. Samara or k<:y of the White Ash, 
the American Elm, winged all roniid. 

FlQ. 391. Pair nf samaras of Sngar Maple. 

FlO. 392. Follicle of Marsh Marigold (Caltha palastrig). 

Fia. 393. I,egume of a Sweet Pea, opoued. 

Fio. 391. LoDient or jomted legume o( a Tiok-Trefoil (DelmDdi^IIl^ 
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Poppj, or burst irregularlj iu some part, as in Lobeli 
but coinnionlj it splits open (or is dehitceai) leogth 
called Valves. 

371. Regular Dekiscetce in a capau e takes plact 
best illustrated iu pods of two or three cells It a 

Loeulicidal, or, splittiug d rec Ij uto the loculi 
the back (or the dorsal sutu e) of each cell or c 
Iris {Fig, 395) ; or 

Septieidal, that is, splittiug through the pari t o 
'as in St. Joliu's-wort (Fig. 396) Rhododendron 
etc. This divides the capsule nto ts co i« 
ncut carpels, which then opeu by their ventral 
suture. 

372. Iu loculicidal dehisce ce tl e alves uat 
urally bear the partilions on be ddle u 
the septicidal, half the tbickuess a part t on 
is borne on the margin of eaci val e See the 
anneied diagrams. A variat on of e ther r ode 
occurs when the valves break away from the 
jiartitiuiis, these remaining attached in the axia of 
the fruit. This is called Sepifragal dehiscence. 
One form is seen iu the Moming-Glory (Fig. 
100). 

373. The capsules of Rue, Spui^, and sou 
cidal aud septicidal, and so split 




others, are both locnli 



u aMw HopuKiuai, aiiu bu apiiL ^^ ^ ^ 

ihalf-carpdlarj valvesorpiecea. /^ ^^ /^ \ / ^\ 

■74. The Siliqua (Fig. 401) is Av^ ^^^ I W ^ 

technical uarne of the peculiar | ] ' 1 

. of the Muatarii family; which * . / \ 



the 

pod of tlie Muatarii family 
is two -eel led by a false partition 
stretched across between two pa' 
rieta! placentte. It generally opens 
by two valves from below up- 
ward, and the placeiitie with the 
partition are left behind when the 
valves fall olT. 

375. A Siliole or Ponch is only 
a short and broad siliquc, like that 
of the Shepherd's Purse. Fig. 402, 
403. 

Pia 3S5. Capanla of Iris, with locniicidal dehiaoenct; below, cut aeroaa. 
Fio. 390. Pod of a Marsh St. John's-wort, with septicidal dehiaceace. 
FiQ. 387, 398. Diagrama of the two raojes. 

Flo. 399. Diagram of septifragal deliisceuce of the loculicidal type. 400. Sune 
of the septicidal or marginicidai type. 
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376. The Pyx^ is b pod which opens by a circular horizoatal ILoe, the 
upper pai-t fortniitg a. M, as iu Pursloue (Fig, iOi), the Pbntsia} Hen- 
bftue, etc. Iu tliese the dehisceuce extends all ruimd, or ia cir- 
euBueiaaile. So it does ill Amaranth (Fig. 387), for^ug a one- 
seeded utricular pyxis. la Jeffersoum, the line does uot separaM ' 
quite round, but leaves a portion for a hinge to tbe lid. 
377. Of Muhij>le or Colleetive Fruits, which are properlj 
fruits aggregated , 





: bod; (as is seen, to 
the Mutberry (Fig. 408), Pine- 
apple, etc.), there arc two Icindi , 
with special nimes aud of p&- 

373. The Syconlnm or Flg- 
«i W3 KB 4M fruit (Jig. 405, 406) is a fleahj ' 

Alia or summit of stem, hollowed out, and tined within by a multitude of 
rainnte flowers, the whole becomiug pulpy, aud in the oommou fig, luscious. 




'9 The Strobile or Cone (Tig 411) is the pecubar multiple bmt ] 
of Pmes Cvpreases and the like hpucc named A)ni/"wp riz cone.bearine 

FlQ. 401. Silique of a Cndamine or Spring Creas. 

Fio. 402. Siiicle of Sbephenl's Fnrse. 403. Same, with one valve removed. 

Fia. 404. Fyxia of Purslane, the lid detaching. 

Fio, 405. A Hg-fmit when young. 406. Saniu In uctlDn. 407. Hignified pop. | 
tlnn, a slice, sbowing some of the flowers. 

Fio. 408. A mulberry. 40B. One of the grains younger, enlarged ; seen to be | 
a pistillate flower with calyx becoming fleshy. 410. Bame, with flcahy oalyz m 



As already sboffn (313), tlieae cones are open piitils, mostlj in 
the torn) of Hat scales, regularlj overljing each 
other, aud pressed logether iu a spike or head. 
Each scale bears one or two naked seeds on ita 
inner face. When ripe and dry, the scales turn 
back or diverge, aud in the Pine the seed peela 
off and falls, generally carrying with it a wing, a 
part of the lining of the scale. 




which facilitates the disper- 
son of the seeds by the wind 
(Fg 4ia 113), In Arbor- 
V tie the scales of tlie smBJl 
cone are few, and not very 
unlite the leaves. In Cy- 
press thev are very thick at 
the top a id narrow at the 
base, so us to make a pecul ar sort of closed cone In Juniper and Red 
Cedar, the few scales of tl e very small co le become fleshy, aud ripen into 
a fruit which closely resembles a berry 




Section XV. THE SEED. 

380. Seeds are the fizial product of the flower, to which all its parts and 
offices are auhaervient. Like the ovule from which it origuiBtes, a 
consists of coats and kernel. 

381. The Seed-ooata are comroonly two (3S0), the outer and the ii 
Fig, 411 shows the two, iu a seed cut through lengthwis' 
The outer coat is often hard or crostaceous, whence it i= "TTfj^^^iTil 
called the Testa, or shell of the seed j the inner is almost a!- ''tHSvl'iw 
ways thin and delicale. 

383. The sliape aud the markiuga, so various iu different 
seeds, depend mostly on the outer coat. Sometimes this fits *** 

the kernel closely ; sometimes it is expanded into a Kinff, as in the Tram- 
pet-Creeper (Fig. 415), and oceasionallj this wing is cut up into shreds 
or tufts, as in the Catalpa (Fig. 416) ; or instead of a wing it may bear a 
-Coma, or tnft of long and soft hairs, as in tlie Milkweed or Silkweed (Fig, 
il7). The use of wings, or downy tufts is to render the seeds buoyant 



Fib. hi. Cone of a ennitnon Pitch Pinf . 112. Inside view of a separated seals 
or open carpel ; one seed in place : ilS, the other seeil. 

Fia. Hi. Seeilof aLindenarBaSBWOodent through lengthwiw, and magnified, 
tne parti lettered: a, tiie hilam or acari b, the outer cost; c, the inuer; d, the 
alhtunen; t, %he embryo. 



for duperaioD bj the irlnda. This ia clear, not nnlj from their evident 
adaptation to this purpose, but also from the fact tbat winged and tufied 
~> am found oolj in fruits that split open at muturity, never in those 
tbat remain closed. The coat of some seeds is beset with 
long iiairs or wool. Cotton, one of the most important vege- 
table products, since it forma the principal clotbing of the 



larger part of the human race, consists of the long and wopilj haira which 
thiokl; covet the whole surface of the seed. There are also crests or other 
appendages of various sorts on certain seeds. A few seeds 
have an additional, bnt more or less incomplete covering, out- 
. side of the real seed-coats called an 

383. Aril, or Arillns, The loose and transparent 
bag which encloses the seed of the White Water-Lilj I 
(Fig. 41S) is of this kind. So ia the mace of the 
nutmeg 1 and alao the scarlet pulp around the si 
of the Waiwork (Celastrus) and Strawherrj-hush 
(Euonjmus). The aril is a growth from the e 
tremitj of the aecd-atalk, or from the placenta when 41s 
there is no seed-stalk 
384, A short and thicWsh appenda;?? at or close to the hilum in certain 
seeds is called a Caeoncle or STfioPHioLe (Fig. 419). 

385. The various terms which define the position or dircc- ^K^ 
tion of the ovule (erect, ascending, etc.) apply equally to the ^^^B 
seed; ao also the terms aiiatropouB, orthotropous, campylotro- ■fi'iSJ 
pous, etc., as already defined (330, 331), and suoli terras as li.Kii'S 
HiLBM, or Scar left wliere the seed-stalk or funiculus falls lyiiijf 
away, or where the seed was attached directly to the placenta ^^^ 
when there is no seed-stalk. "^ 

Ru&FU£, the line or ridge nhich runs from the hilum to the chalaza in 
anatropoos and amphitropous seeds. 

Chalaza, the place wliere the seed-coats and the kernel or nucleus are 
organically connected, — at the hilum in orthotropous and campylotropous 
seeds, at the extremity of the rhaphe or tip of the seed in other kinds. 

MiCBOPTU], answering to the Foramen or orifice of the ornle. Compare 
the accompany in g figures and those of the ovules. Kg, 341-353, 

FlU. 415. A winged sfleil ol' tie Trunipet-Creepar. 

Fio. 41S. One of Catalpa, the k«mel out to show the embryo. 

PiQ. 417. Seed of Milkweed, with a Coma or tuft of long ailky haira at one end- 

FlQ, 413. Seed of White Water-Lily, enclosed in its aril. 

Fio. 119. Seed of Ricinaa or Caator-oil plant, with caru&cle. 
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386. The Kernel, or Nuolens, is the wliole body of the seed within the 
coats. lumBnyseedslheker- 
nel ia all Sabryo ; in others ' 
a lat^ part of it is the Jl- ^ 
SsHifli. For eianiple, in Fig. 
©3, it IB wholly embryo; in 
Eig. 432, all but the small 
speck iff) is alhuniCQ. 

3S7. The Albumen or Endosperm of the see<l is sufficiently cliaruu- 
l«rizEd aud its office explained in Sect, III., 31-35. 

38S. The Embryo or Germ, wliich la the riiJirnentarj plantlet and tlie 
fioa! result iif blossoming, and its development in germination have been 
eitensiiely illustrated in Sections II. and III. Its eaaentiat porta are the 
Radicle and the Colnledoim. 

389. Its Radicle or Canlicle (tbe fonner ia the term long and gener- 
ally used in boiauicnl descriptions, but the latter is the more correct one, 
for it is the initial stem, which merely gives origin to the root), as to its 
position in the seed, always points to and lies near tbe micropyle. In re- 
lation to the pericarp it is 

Superior, when it points to tbe apex of tlte fruit or ceil, and .^^^ 
Li/erior, when it points to its base, or downward. t'^'^Ti 

390. The Cotyledons have already been illustrated as re- \yl 
apecta their number, — giving tbe important distinction of Dicoly- \f 
ledoHoue, Polyrotj/ledomiM a.nA MoKo^olyledottOKs embryos (36-43), ^^i 
— also as regards their tliicknesa, whether foliaceous or fieihy ; 

and some of the very various abapea and adaptations to the aeed liiir been 
figured. They may he straight, or folded, or rolled up. In tlii latter 
case the cotyledons may be rolled up as it were from one in^irgin, as 
in Calycaal.hus (Fig. 42i), or from apex ii base in 
^Si a flat spiral, or they may be both foldcil {pliealf) 

i II /'*Y\ ""'^ rolled up (jronvolule), as in Sugar Maple (Fig. 
^ — '^ r U 11.) In one very natural family, tbe Crucifene, two 
diflereiit modes prevail in the way the two cotyledons 
are brought niimd against the radicle. In one aeries 



Fro. 420. Seed of a Violet (anatropoiia): a, HlnTn; 6, rhaphe; c, clialaia. 

Fio. 43]. Seed of a. Larkspur (.i)aa anntropous); thfl parts lettereil aa in the last 

Fio. 432. Tlieean^e, uut thraujEh lengthwise: D, the hllum; c, chilaza; d, outer 
seed.coBt; e. Uiner Eieeit-coal; /, tbe albumen; g, tlie minute embryo. 

Fjo. 423. Seed of a SL John'a-wort, divided lengthwise; here the whole kemel 
la embryo. 

Fio.424. Embryo of Calfcaatlms; upper part cut away, to show the couTolata 
cotyledons. 

Pro. 425. Seed of Bitter Creaa, Barbarea, cut across to show the aocumbent 
cotyledoas. 426. Embryo of same, whole. 







Aetmmhetit, tlint is, tlic edges al the flat cotjledons lie against the radicle, 
IS in Fig. 425, 436. lu aiiutlicr tlie? are 

lacunbail, or willi llie plane of tlie cotjledons hrouglit op in the opposite 
^^ direotioo, so that tlie back, of one of them Ilea against 

I ii fT^ ""^ radicle, as shown in Fig. 437, 428. 

K^ \ \ \\ 391. Aa to the situation of the enibrjo with respect 

to Ihc albumen of the seed when this is present in any 
quantity, the embryo may be Jxile that is occupymg 
iX! 128 the axis or centre, either for most of its length, as m 

Violet (Fig, 439), Barberry Qlig 48j, and 
Pine (Fig. 6G) ; and in these it is si 
But it may be variously curved oi 
in the albumen, as in HeliantliEmum I I 1 1 1 il 
(Fig. 430), in a Potato-seed {Fig. 50), y(\ j jj 
or Onion-seed (Fig. 60), and Linden 
(Fig, 414) ; or it may be coiled around 
llie outside of the albumen, partly or into a circle, as in Cbickweed (Fig. 
431, 438) and in Mirabilis (Fig. 5S). The latter mode prevails in Campylo- 
tropous seeds. In the cereal grains, such as Indian 
\ Com (Fig. 67) and Rice, 430"), and iu aU other 
Grasses, llie embryo is straight and applied to the 
outside of tlie abundant albumen. 
393. The matured seed, with embryo ready to germinate and reproduce 
the kind, completes tlic cycle of tlje vegetable life in a phanerogamous 
plant, the accoant of which began with the seed and seedling. 




Section XVI. VEGETABLE LIFE AND WOBK. 

393. The following simple oulhues of the anatomy and physiology oi 
plants (3) are added to llie preceding strnctural part for the better prepar- 
ation of students in descriptive and systematic botany; also to give to all 
leamera some general idea of the life, growth, intimnte structure, end action 
of the beings which compose so large a part of orgiiLiic nature. Those who 
would extend and verify the facts and prbciples liere outlined will use ihe 
Physiological Botany of the " Botanical Teit Book," by Professor Goodale, 
or some similar book. 

Fio. 427. Seed of a Sinyrabriuin, cut acioss to show Iho incnmbent cotyledon»i 
428. Embrj'o of the same, cietacheii whole. 

Flo. 42B. Section of aeeil of Violet ; BnatropoUB xitb stTBight oiila embryo fa 
the nlliiinien. 430. Section of scbiI of Rook Robo, Heliantheiaum Canadenw ( 
ortbotropoox, nith curved embryo in the albumeii. 430". Section of a groin of 
Sice, lengthwise, showing the embryo oiitside the albumen, which fimaa tha 
principal bulk. 

Fio. 431. Seed of a Chickwaed, campylotropons. 432. Section of lame, abm^ 
teg slender embryo coilad arouud the outaide o! the albomea of the kernel. 
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J 1, ANATOMICAL STRUCTDRB AND GROWTH. 

301. QrowUi is the increais of a living thing in liza and lubslanee. It 
appears so uatural t!mt plants and animals sliould gronr, that one rarel; 
tliiaks of it as requiring explanntion. It seems euougli to sa; tliat a thing 
is ao because it grew so, Growtli from tbe seed, tlie germination and de- 
velopment of an einbrjo iiito a planllel, and at lengtU into a mature plant 
(as illustrated in Seolions II. and III,), can be followed b; ordinary obser- 
But the embryo is already a. miniature plantlet, sometimes with 
hardly any visible distinction of parts, bnt often one wliicli has already 
made very considerable growth in ihe seed. To investigate the formation 
and growth of tbe embryo itself requires well-li-ained eyes and handa, and 
the expert use of a good compound mieroacope. So this is beyond the 
^ reach of a begiuiier. 

395. Moreover, although observation may show tliat a aeedliiig, weigh- 

g only two or three graiiis, may double its bulk and weight every week 

^of its early growth, and may in time produce a huge amount of vegetable 

pnatter, it is atill to be asked what this vegetable matter is, where it came 

from, and by wliat means plants are able to increase and accumulate it, and 

build it up into the fabric of herbs and shrubs and lofty trees. 

)6. Protoplasm. All Ibis fabric was built up under life, but only a 
!! portion of it is at auy one time alive. As growth proceeds, life ia 
passed oa from the old to the new parts, much as it has passed on from 
parent to ofiapring, from generation to generation in unbroken continuity, 
Proloplaam is tlie conmion name of that plant-stuff in wliich life essentially 
, All growth depends upon it; for it hai! tlie peculiar power of 
growing aud multiplying and building up a living structure, — the animal 
IS than the vegetable structure, for it is essentially the same in both. 
Indeed, all the animal protoplasm conies primarily from tbe vegetable, 
which has the prerogative of producing it ; and the protoplasm of plants 
furnishes all tliat portion of the fouil of animals which forms their flesh 
and living fabric. 

397. The very simplest plants (if such may apeciScally bo called plants 
rather than animals, or one may say, the simplest living things) are mere 
particles, or pellets, or threads, or even indefinite masses of protoplasm ot 
vague form, which possess powers of motion or ot changing tbeir shape, 
of imbibing water, air, and even other matters, and of assimilating these 
into plant-alnff for their own growth and multiplication. Their growth 
ia increase tn substance by incorporation of that which they take in and 
assimilate. Their multiplication is by spontaneous division of their snb- 
stanee or body into two or more, each capable of continuing the process. 

398. The embryo of a phanerogamous plant at its beginning (344) is e»- 
seillially such a globule of protoplasm, which soon constricts itself into two 

irc such globules, which hold together inseparably in a row; then 
, the last of the row divides without separation in the two pthoc ^Ibisss*'^ 
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form a compound mass, each grain or globula of which goes on to donblo 
itself aa it grows ; and the definite sliapiug of this still increasing mass 
builds up the eoibrjo into its farm. 

399. Cell-walla, While this growth was goin^ 
forming structure foniied aud clothed itself with 
parent, of soraetliing different from protoplasm, — ! 

®aud onlj transienttj, it at all, partakes of the life and action. 
The protoplasm forma the liviug organism; the coat is a kind 
4ag of protective covering or shell. The protoplasm, like the 

Hesh of animals which it gives rise to, is composed of four 
^\ chemical elements: Carbon, HjdrogeQ, Oxjgeu, and Nitro- 
rj-^ gen. The coating is of tbe nature of wood (is, indeed, that 
~-' which makes wood), and has only the three elementa. Car- 
bon, Hjdrogen, aud Oijgen, in its compodtion. 

§400. Although tlie forming structure of an embrjo in 
the fertilized ovule is ver; minute aud difficult to see, there 
are mau; simple plauta of lowest grade, abounding in pools 
of water, which more rcadilj show the earlier stages or sim- 
jaj pleat states of plant-growth. One of these, wliich is commoa 
iu earlj spring, requires onlj moderate magnilyiiig power 
/TV to briug to view what is shown in Fig. 437. In a slimy 
_ /^ mass which holds all looselj together, little spheres of green 
TJ'k vegetable matter are seen, assembled ia fours, 
p^ and these fours themselves in clusters of fours. 
^j A transient iuspection shows, what prolonged 
)g watching would confirm, that each spbf 
vides first in one plane, then in the oth 
make four, soon acquiring the size of ihc original, and 
producing aaccessive groups of fours. These pellets each 
form on their surface a transparent wall, like that just des- 
cribed. The delicate wall is for some time capable of 
sive growth, but is from the first much firmer than the 
protoplasm within; through it the latter imbibes sur- 
rounding moisture, which becomes a watery sap, occupj- 
bg vacuities in the protoplasmic mass which enlui^ oi 
run together as the periphery increases and distends 
When full grown the protoplasm may become a mere lining 
to the wall, or some of it central, as a nucleus, this usually connected with 
tbe wall-lining by delicate threads of the same substance. So, when full 
grown, the wall with its lining — a vesicle, containing liquid or goma 

Fia. i33-43e. Figures to illustrate the earlier alages in the fonnation of an 
embryo ; a aingle mass of jirotoplasm (Fig. 433] diriding into two, thref, ami then 
into more incipient cells, which by continued multiplicaition build up ail nmbryo. 

PJO. 137. Magnified view of aome of a Bimple fresh water Alga, the Tatraapoia 
'vbrica, eacA splisre of which ma; anevai U Ki WdivlduiLl plant. 
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solid matters sad in age mos'lj sir — naturally came to he named a Cell. 
Bat the name was suggested by, and first naed only for, cells la combinatioQ 
or baiitup into a fahrii, much as a wall is built o( bricks that ia into a 

401 OelltUax Struotnre or Tissue Suppose numerous cells like 
those of Fig 437 to he heaped u]) like a pile of cannon balls and as they 
grew to be compacted together while soft and yielding tliLj would flatten 
where they touched sod each sphere 
being touched by twelve surrounding 
ones would become twelve sided Fig 
438 would represent oue of them ■ 
Suppose the contiguous faces lo be 
united into one wall or partition be 
tween edjaccLt cavities and a eellular 
stntetttre ivould be formed like that 
shown m Fig 4d9 Boots stems leaves, 
and the whole of phai 
erogamous plants are 
fabric of countlesa n 
bers of Bucb cells. No ^^k*i|^ 
such exact regiUnrity ii 

size and shape is ever ** ^^ 

actually found ; but a nearly truthful magnified Tiew of a small portioi 
a slice of the flowei^stalk of a Calla Lily (Fig 440J shows a fairly cor 





^^jBjnding structure ; except that, owing to the great air-spaces of the interior, 
the fabric may be likened rather to a stack of cliimneys than to a solid 
fabric. In young and partly trausparent parts one may discern the cel- 
lular structure by looking down directly on the surface, as of a form- 
ing root. (Tig. 82. 441, 442). 

402. Tlie substance of which cell-walls are mainly composed is called 
Cellulose. It is essentially tlie same in the stem of a delicate leaf or 
petal and in the wood of an Oak, except that in the latter the walls are 

Fll. 138. Diagrnni of a Te^tnble cell, bubIi 03 it would i 

Irere equally pressed by similar sumundini; cells in a heap. 
Fig. 439. Ideal construction of callular tissue so formeii, 
Tia, 440. Magnitled view of a portion of a transverse slice of 

Ijly. The great ipaces are tubular air^hannels b>uU. u'^ b-j ^^ oiUk. 
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nmcl] tliickened and the calibre small. Tbe protoplasm of each living oeQ 
appears to be completelj sbui up aud isolated iu its sliell of cellulose ; but 
microscopic inresligutioii lias brouglit to view, iu uian; cases, minute 
tlireads of protoplasm wliicL here and tliere traversa 
tlie cell-wall tbrougli minute pores, thus connecting 
, tlie living portion of one cell with that of adjacent 
cells. (See Fig. 447, &c.) 

403. Tlie hairs of plants are cells formed on the 
surface; either elongated single celb 
(like the toot-liaira of Fig. 441, 448), 
or a row of shorter cells. Cotton 
fibres are loug and simple cells grow- 
ing from the surface of the seed. 

404. Tlie size of the cells of which 
common plants are mode up varies 
from about the thirtieth to tbe thou- 
sandth of an inch in diameter. Ad 
"^ "" ordinarj size of short or roondish 

cells is from jJtt lo -j-Jj- of an inch ; so that there niaj geuemllj be from 
S7 to 12S millions of cells to the compass of a cubic inch ' 

405. Some parts are built up aa a compact structure id others cells 
are arranged so as to build up regular i 
channels, as in tlie stems of aquatic and other 
water-loving plants (Fig. 4i0), or to leave 
irregular spaces, as iu the lower part of most 
leaves wliere the cells onl; here aud tliere 
come into close coiituct (Fig 443) 

406 All such soft cellubr tissue like 
tins of leaves that of pith, and of the greea 
bark is called pAREUcmMA, while fibrous 
aud woody parts are composed of Pbosbn 
CUYMA, thaf IS of peeuliarlv triuifornied 443 

407 Strengthening Cells Commou cellular tissue, which makes up 
the whole structure ot all very vouiig plants and the whole of Mosses 
and other vegetables of the lowest grade even when full grown is too 
tender or too brittle to give needful alrengtii and toughuess for plants 
which are to nse to any cousiderablc height and support themselves In 
these needful strength ts imparted, and tbe coniejunce of sap through the 
plant IS facilitated by the change, as they are lormed, of some cells into 
thicker walled and tougher tube--, and b^ the running together of some of 

FlQ. ill. Much mapnilied small portion of young root of a Kefldliiig Mapla 
(Buoli as of Fig. 82)! and 442, b few cells of same more ningiiilied. The prolongs 
tioHB from tha back of aome of the cells are re " ' 

Fio. US. Magnifled Biiction throDgh the thicknesa of a leaf ot Florida Star' 




SECTION Ifi.] ANATOMICAL BIKUCTURB. 133 

these, ortheproloogationofotliers, into hollow fibres or tubes of various 5Lze. 
Two sorts of Eucli trausrormed cells go togetLer, and es.seiitially form the 

40S. Wood. This is [ouud iu al! comiiiou hevhs, aa well as in shrubs 
Biid trees, but the former have much less of it iu proportiou to the softer 
cellukr tissue. It is formed verj early ill the ^ovtii of the root, stem, 
and leaves, — traces of it appeariug in large embrjos even while jet in the 
seed. Those cells that leugtlieii, and at tbe same time ihicken their walla 
form the proper Woody Fibhe or Wood-celw ; those of larger size aud, 

to have 






thinner walls, wliicb are tliiekened ouly ii 
peculiar markings, and which often are secu 
to be made up of a row of cjliiidrical cells, 
with the partitions between absorbed or bro- 
ken awaj, are called Ducts, or sometimes 
Vessels. There are nil gradations betweeu 
wood-ceils and ducts, and between both tbese 
Bod common cells. But in moat plants the 
three kinds are fiiirl; distjuct. 

409, Tlie proper cellukr tisane, or porfs- 
cjlywa, is tlie grouud-work of root, stem, and 
leaves; this is traversed, chiefly lengthwise, 
by the streugtheuiug and conducting tissue, 
wood-cells and duct-cells, in tlie form of 
bundles or threads, which, In the stems and 
stalks of herbs are fewer and comparatively | 
scattered, but in shrubs and trees a 

i and crowded that iii the si 
all perraaoent parts tliey make a sohd mass 
of wood. They extend iuto and ramify in 
the leaves, spreading out iu a horizontal 
plane, as the framework of ribs aud veins, 
liich supports ihe softer cellular porliou or 
parenchyma. 

410. Wood-Cells, or Woody Fibres. 
ooDsist of tubes, commonly between one aud 
two thousandths, but in Pine-wood aomelinies two or three hundredths, 

n inch in diameter. Those from the tough bark of the Basswood, 

a. Hi. Msgnilled wood-cella of tha bark (baat-cells) of Basswood, one and 
of anotlitr. 445. Some n'ood-ctlls from th<i nood (and below part of a duct); 
and 446, a detached wnoii-cetl of tha same; equally niH^itieii 

FlQ. 447. Bome woad-cell« from Buttoowowl, Flatanus, highly magnified, a 
whole eell and lower eud of another on the li^ft ; a cell cut h&lf away lengthwise, 
and half of another on the right ; some pares or pits (a) seen on the left; whilo 
i mark eectiona through these on the out sniTace. When living nnd young the 
protoplasm extends into these and by minoter perforations conrecti across thum 
III age the pHa become open poasages, facilitating the paawgc of nap and air 
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siiown in Fig. 414, are onlj tlie fiFteen-hundredtL of an inah wide, 
of Bjttonwood (Fig. 447) are larger, aud are LereLlghl; magnified besides. 
Hie figures show tbe way wood-cells are ciinimonl; put Mgeilier, naiuelj, 
witL tLeir taperiug eads overlapping each other, — spliced togetlicr, as it 
were, — tliua giving more strength and toughness. In hard woods, such 
as Hickorj and Oak, the walb of these tuhes are verj thick, as well as 
dense; while iu soft woods, such as White-Fine and Basawood, tliej are 
thinner. 

411. Wood-cells in the bark are generall; louger, finer, and tougher 
than those of the proper wood, and appear ruore like fibres. Far example, 
Fig. 44G represents a cell of the wood of Basswood of average length, and 
Fig. 441 one (and part of another) of the tihrous bark, both drawn to the 
same scale. As these long cells form the principal part of flbrons bark, or 
iasi, tliej are named Basl-etlU or Bmi-fibres. These give the great tough- 
ness and lleiibilit; to the inner bark of Basswood (1. e. Bast-wood) and of 
Leatberwood; and they furnish the invaluable fibres of flax and hemp; 
the proper wood of their atenia 
being tender, brittle, and de- 
stroyed by the processes which 
separate for use the tough aud 
slender hast-cella. In Leather- 
wood (Dirca) the bast-cells are 
remarkably slender. A view of 
one, if magoified on the scale 
of Fig. 414, would be a foot 
and a half long. 
413. The wood-cells of Pines, 
and more or less of all other Coniferous trees, have on two of their aides 
very peculiar disk-shaped markings (Fig. 448-450) by wluch that kind of 
wood is recognizable. 

413. Ducts, also called Vessew, are mostly larger 
than wood-cells \ indeed, some of them, as in Red Oak, 
have calibre lai^e enough to iie discerned on a cross 
section by the naked eye. They make the visible porosity 
of such kinds of wood. This is particularly the case with 
dotted ducts (Fig. 451, 453), the surface of which 
appears aa if riddled with round or oval pores. Such 
ducts are commonly made up of a row of large cells more 
or less confluent into a tube. 

Scalariform ducts (Fig. 458, 459). common in Feras, 
and generally angled by mutual pressure in the bundles, *5I UZ 

FlO. 418. Magnified lilt of a pine-shaving, talien parallel witii the silver grain 
449. Separate wholo wooil-cell, mora mBgnified. 450. Same, still more magnifledi 
both Mctions represented ; o, dislta in section, i, in face. 
Fia. 4S1, 452. A Jarge and a smaUer dotted Sact ftom Gtaee-Vine. 
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have tranaverael; elaagated tbin places, parallel with eacji other, giviog 
a ladder-like appearance, vhence the aame. 

Annular dncts (Pig. 157) are marked nith cross linea or rings, which 
are thickened portions of the cell-wall. 




453-455) have tinn walls strengthened by 
~' ' delicate and as strong as spider- 



Spiral ducts or veaaels (Fi 
a spiral fibre adherent witblo. This 
web : when uncoiled by pulling apart, 
it tears up and annihilates the cell- 
wall. The uncoUed thi-eada are seen 
b; gently pulling apart many leaves, 
such aa those at Amaryllis, or the 
stalk of a Strawberry leaflet 

LaticifirOKi duett, Veaidi of the 
Latex, or Milk-testels are peculiar 
branebing tubes which hold latex or 
milky juice in certain plants. It ia 
very difficult to see them, and more 
so to make out their nature. They «0 

are peculiar in branching and inosculating, so 
tubes, running in among the cellular tissue ; 
escept when gorged and old (Fig. 460, 461). 



Fia. 453, 451. Spiral ducta which uncoil into a single thread. 455. Spiral 
duct which tears up as a ban'l. 4S6. An annular duct, with vsriatians above. 
467. Loose spiral duft passing into annular. 458. Scalaritonn ducts of a Femi 
part of ■ bundle, prismatic hy preasnre. 459. One torn into a hand. 

FlO. 480. Milk Vessels of Daiidslion, with cells of tha pommon cellular tiMue. 
461. Others bom the sams older and gorged with milky Juice. All highly mag- 




nake a net-work of 
ind they are very small. 
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S 2. CELL-CONTENTS. 

414. The living conffints of joung aud active cells are mainly protoplasm 
\ritli water or waterj sap wliicli this lia^ imbibed. Old and effete cells are 
often emptj of solid matter, contaiiiiiig onlj water with whatever may be 
dissolved tn it, or air, according to the time aud circumstances. All the 
various products whicb plants in general elaborate, or which particular 
plants specially elaborate, out of the common food which they derive from 
tlie soil and the air, are coatained in the cells, and in the cells they are 
produced. 

115. Bap is a general name for the principal hqiiid contents, — Cmieiap, 
for that which the plant takes in. Elaborated sap for what it liaa digested or 
assimilated. Tbey must bo undistinguisbably mixed \a tlie cells. 

416. Among the solid matters ioto wliicli cells convert some of their 
elaborated sap two are geueral and most important. These are CklorophgU 
and SfarcA. 

417. Chlorophyll (meaning leaf-greeii) is what gives the green color to 
herbage. It consists of soft grains of ratlier complex nature, partly wai- 
like, partly protoplasmic. These abound in the cells of all comQion leaves 
and the green riud of jilauta, wherever exposed to the light. The green 
color is seen through the transparent skin of the leaf and the walls of the 
containing cells. Chlorophyll is essential to ordinary assimilation is phmta : 
by its meaos, under the influence of sunlight, the plant converts crude sap 
into vegetable matter. 

418. Tar the largest part of all vegetable matter produced is that which 
goes to build up the plant's fabric or cellular structure, either directly or 
indirectly. There is no one good name for this most important product of 
vegetation, la its final state of cell-walb, the peraianent fabric of herb 
aud Ehrub and tree, it is called Cellulose (40S) ; in its most soluble form 
it is Sugar of one or another kind; iu a less soluble form it is Dextrine, a 
kind of liquefied starch ; in the form of solid grains stored up in the cells 
it is Starch. By a series of slight chemical changes (mainly a variation in 
the water entering into the composition), one of these forma is converted 
into anotljer. 

419. Starch {Farina or Fecula') is the form in which this common plant 
material is, as it were, laid by for future use. It consists of solid grains, 
somewhat different in form in different plants, in siije varying from yj^ to 
j^ of an inch, partly translucent when wet, and of a pearly lustre. Prom 
the concentric lines, which commonly appear under the microscope, the 
grains seem to be made up of layer over layer. When loose they are com- 
monly oval, as in potato-starch (Fig. 462) ; when much compacted the 
grains may become angular (Fig. 463). 

420. Tlie starch in a potato was produced in the foliage. In the soluble 
form of deitrine, or that of sugar, it was conveyed througli the cells of the 

herbage and s/aJts to a subterranean ahoot, aud there stored up in the 
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tuber. IThen the potato sprouts, tLe starch ia tlie Ticinitj of developing 

buds or eyes is eliangeJ back agaio, first iuto niucilagiuous dcxtriuc, then 

into sugar, dissolved 

iu the sap, and in tbia 

fonD it is made to 

flow to tbe growing 

parts, wbere it is laid 

down iuto celJulose 

or cell-wall. ^ 

421. Besides tbese cell-contents which 
noD to nutrition, there are others tbe use 
snch the cooiniDuest are 

429. Crystals. These when slender or needle-shaped are called 
Rhaphid£S> Thej arc 0! ioorganic mutter, usually of oxalate or phosphate 
or sulphate of lime. Some, at least of the latter, may be direct crystallizar 




re in obvious and essential reU- 
of which ia problematical. Of 




tions of what is ta^cn la dissolved in the water absorbed, hut others must 
be the result of some elaboration in the plant Some plants have hardly 
any ; others abound in tliem, especially in the foliage and bark. In Locust- 
bark almost everj cell holds a crystal ; so that in a square inch not thicker 
than writing-paper there may be over a million and a half of them. When 

Fib. 462, Some roagnilied starch-grains, in two colls of a potato. 463. Soma 
cetU of the albumen or tloory part or lodiaa Com, filled nith dtarch-graina. 

Fra. 4B4. Four cells from dried Onion-peel, each liolding a crystal of different 
shape, one of them twinned. 465. Some cells from stalk of Riiuharh-plimt, three 
eontainii^ chlorophyll ; two (one torn acrosa) with rhaphides. 4flti, Bhaphides 
in a oell, from ArisiEma, with small cells surrounding. 467. Prisiuatie crystals 
from tbe bark of Hickory. 468. Glomerate crystal in a cell, from Beet^root. 
469. A few cells of Locost-bark, a crystal in each. 470. A d«ta«bed cell, with 
rhaphides being forced out, as happens when put in water. 
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needk-ahiped (fliapliides). »* in stalks of Calla-Lilj, Rhabarb, or Four- 
o'clock, thej are UBuallj packed in sheaf-like bundles. (Fig. 465, 466-) 



( 3. ANATOMY OF R00T3 AND STEMS. 

4S3, This is bo ne&rl; tlie aamc that on account of the internal stmotQFe 
of stems may serve for the root also. 

424. At tile beginning, either in the embrjo or in an incipient shoot 
from a bad, the whole stem is of tender cellular tissue or parencbjraa. 
But wood (consisting of wood-cells and duets or vessels) begins to be 
formed in tlie earliest growth ; and is from the first arranged in two wajs, 
makiog two general kiods of wood. The difference is obvious even in 
herbs, but is oiore conspicuous in the euduriog stems of shrubs and 

425. On one or the other of these two types tbe stems of all phanero- 
gamous plants are constructed. In one, the wood is made up of separate 
threads, scattered here and there throughout tbe whole diameter of the 
stem. In the other, tbe wood is all collected to form a layer (in a slice 
across the stem appeariug as a ring) between a central cellular part which 
has none in tt the F ih and an outer cellula part tbe Ba k 

426 An Asparagus-si oot and Com-stalk for he bs and a niltan for a 

-■ ■ — ...^ woodj kind represent tie flrat kind. To it 

^, ^ belo g all phuits w th monocotjledonons em- 

brvo(40) A Bean-stalk 
and Le stem of any com- 
n on shrub or tree rep- 




■^0 t belo g all I la ts vntb d eotyledo o s or poljcotyledonoua embryo. 
The first has bee called not cry p ope ly Endogenoui wl eh means in- 
a dc growi g the second pr perly enoug! Exogenout o o ts de-growing. 
437 Endogonoos Stems tl ose of Monocotjls (40) attain their 
g eateat swe and n net cl aracter st c developn cut n Palms and Dragon- 
trees therefore cl efly wan cl mates alt! ongi the Pnlnetto and a 

FiQ. m. Diagram of strucla™ of Palm or Yucca. 472. Stniptnre of a Ooni- 
stalk, in tmnsversB and loneitiidinal seclion. 173. Samo of a BmaU Palm-nteni. 
Tie dots on tbe craaa sections represent out ends of the woody bundlua or tbitada. 



I JBBCnON 16.] ANATOMY OF STEMS. 139 

Tuccas become trees along the southern borders of l!ie UdlIciI States. Is 
8\icli stems the wood; bundles arc more numerous and crowded toward the 
circumference, and so the harder wood is outside ; while in an exogenous 
stem the oldest aud hardest wood b toward the centre. Au eudogenous 
stem has no c!enr distinctiou of pith, bark, and wood, coucentriGally ar- 
silver graiu, no annual layers, no bark that peels off clean from 
tlie wood. Yet old stems of Yuccas and the like, that conticiue to iucrease 
in diameter, du form a sort of layers and a kind of acaly bark when old. 
Yucoaa show well the curviug of the woody bundles (Fig. ijl) which 
below taper out and are lost at the rind 

433. Exogenous St«ms those of D^cotjls (37) or of plants coming 
from dicotyledonous and ulso polycotyledouous embrvos have 
B structure which is faniihar in the wood of our oiduiar> 
trees and shrubs. It is tl e same lu au herbaceous shoot | 
(auoh as a !Flii\-stem Fig iTi) as in a Maple stem of the ! 
firat year's growth, eicept that Iho woody lajei i 
inoulj tliinner or perhaps reduced to a c rcle of b 
It was 80 iTi the tree stem at the beginning The wood all 
forms in a cylinder, — m cross section a nng — around a cen 
tral cellular part, dividing "the cellular core witl in the pith from a cellu. 
lu bark without. Aa the wood-bnndles mcrcise in iinii her and m size. 




Ibey press upon each other and become wedge-shapp 1 tl e cross sec- 
tion ; and they continue 1o grow frnm the outs de next the bark so tliat 
they become very thin wedfres or plates Between the plates or wedfjes 
are very thin plates (iti cross section lines) f n rh compressed cellular 
tisane, which connect (he pith with the bark The plan of a one "fear-old 
woody stem of this khid is exhibited in the figures which ate essentially 
diagrams. 
4S9. "When such a stem grows on from year to year, it adds annually a 

Tio, 474, Short piece nf stem of Flai, magniflei], showing the bark, wood, and 

Pio. 473. DiflKmin of u ctobb seclion of a very young exogenona stem, showing 
six woolly hiindiea or weflges. 476. Same later, with wedgea inoreaaed to twdve. 
477. Still later, the wedges tilling the space, separated only hy the thtu liaaa, or 
toedullai? rays, running from pith to bark. 
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lajer of wood oatside the precpding one, between tbat and the bark. Tiiia 

is exogenous growth, or out side-growing, as tlie name denotes. 

430, iSome new bark is furoied every jear, as well as new wood, tiie 

47B foroier inside, aa the latter 

is outside of that of the 

jear precediug. The ring 

or zone of teoder forming 

; between the bark 

sud the wood has been 

called the Cambium Layer. 

Cambimn is an old name 

of the plijsiologisla for 

nutritive juice. And t.liis 

thin laTer is so gorged 

with rich nutritive sap 

when spring growth is re- 

iiened that the bark then 

be loose from 

the wood and a layer of 

viscid sap for ramliiuni) to 

be pouied out between the 

two But there is all 

the whde a connection of 

the bark and the wood bj 

delicate cells, rapidly mul- 

tij Ijiog and growing. 

c 431 The Bark of a 

"^ ye ir old stem consists o( 

three parts more or less distinct namely — beginning nest the wood, — 

1, The Liber or Fibbovs B&Bk, the Inner Bark. Tliia contains some 
wood-cells, or their equivalent, commonly in the form of bast or bast-cella 
(411, Fig. 4H), sueh as those of Baaswood or Lioden, and amoiig herbs 
Ihose of flax and hemp, wiiich are spun and woven or made into cordage. 
It also contains cells which are named si'we-cells, o 

slits and pores in their walls, by which the protoplasm of coutignons cells 
coDnmunicates. In woody stems, whenever a new layer of wood is formed, 



I 






T bark is also formed outside of it. 



Fio. i78. Piece of a stem of Soft Maple, of a year 



and leugtb- 



Fio. 479. A portion of the Bami 

Fia. 480. A small piece of tlia f 

to the pith, and highly minified: 

is called the mtduUary sheath; 

netB : /, the 









grain, aeea on the cross-secUon. 




, mBgnlGed. 

line, taken from one sirl«, reaching from the buk 
I, a small hit of thejiith; b, spiral ductn of wlial 
!, the wood; <t, d, dotted ducts in the wood 
r inner hark; g, the green bark; h, the cork] 
one of the medullary raya, or plates of rilve 
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2. The Green Babk or Middle Bark. This consists of cellular tissue 
only, and coalains the same green matter {cMorophyll, 417) as the leaTea. 
In woodj stems, before the season's growtli is completed, it becomes cot- 

3. The Coekt Layee or Outer Bark, the cella of which contain no 
chlorophjU, and are of the nature of cork. Commou cork ia the thick 
corky layer of the bark of tile Cork-Oak of Spain. It is tliis which gives 
to the stems or twigs of shrubs and trees the aspect and the color peculiar 
io each, — light gray in the Ash, purple in the Red Maple, red in several 
Dogwoods, etc. 

4. Tub EpiMinMia, or skin of the plant, consisting of a layer of thick- 
sided empty cells, which may be considered to be the outermost layer, or 
in most herbaceous stems the only layer, of cork-eella. 
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438. The green layer of bark seliom grows much after the first seaaon. 
Sometimes the corky layer grows and forma new layers, inside of the old, 
for years, as in the Cork-Oak, the Sweet Gum-tree, and the Wliite and the 
Paper Birch. But it all dies after a while; and the continual enlargement 
of tha wood within fi.nally stretches it mure than it can bear, and sooner or 
later cracks and rends it, whiie the weather acts powerfully upon its sur- 
face ; so the older bark perishes and falls away piecemeal year by year. 

433. So on old trunks only the inner bark remains. This is renewed 
every year from within and so kept alive, wliile the older and outer layers 
die, are fissured and rent by the distending trunk, weathered and worn, and 
thrown off in fragments, — in aome t'ees slowly, bo that the bark of old 
trunks may acquire great thickness ; in others, more rapidly. In Houey- 
Bucklea and Grape-Vines, the layers of liher loosen and die when only a 
year or two old. The annual layers of liber are sometimes aa distinct as 
those of the wood, but often not ao. 

Tia. 481. Maenitlcd view of rarfacf of a iiit of young Maple wood from which 
Jbc bark haa been torn away, allowing the wood-cells and the l)ark-enda of raediil- 
Uoyrays. 

Fio. i82. Section in tha opposite direction, from bark (an tha left) to baginniog 
»f pitb (on the riglit), and a meddlary ray extending from one to tie other. 
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434. The Wood of an eiogenous tnink, havicg the old growths ooTered 
bj the new, remains nearlj uiiclianged in age, excejit from decaj. Wherever 
there is an annual auspenaion and renewal, of growth, as in temperate cli- 
mates, the annual growtlis are more or less distinctly marked, in the form 
of concentric rings on the cross section, so that the age of the tree maj bc 
knovu bj counting tlieni. Over twelve hundred layers have been counted 
on the stamps of Bequoias in California, and it is probable that some trees 
now living antedate the Christian era. 

435. The reason why the annual growths are distinguishable is, that the 
wood formed at the beginning of the season is more or less different in the 
■ize or character of the cells from that of the close. In Oak, Chestnut, etc., 
tlie first vood of tbe season abounds in dotted ducts, the calibre of wbicti ] 
is many times greater than that of the proper wood-cells. 

43G. Sap-wood, or AJbomum, This is the newer wood, living o 
reeeully alive, and taking part in the couveyauce of sap. Sooner or latei 
each layer, as it becomes more and more deeply covered by the newer ones 
and farther frojn the region of growth, is converted into 

437- HeEiTt-'WOod, or Duramen. This is drier, harder, more sohd, 
and much more durable as tiiubcr, than sap-wood. It is generally of a 
liiQerent color, and it exhibits in different speeica the hue peculiar to each, 
such OS reddish in Red-Cedar, brown in Bhck- Walnut, black in Ebony, eto. 
The change of sap-wood into heart-wood results fi'Om the thickening of the 
walls of the wood-cells by the deposition of hard matter, lining the tubes 
and diminishing their calibre; and by the deposition of a vegetable coloring- 
matter peculiar to each species. Tlie heart-wood, being no longer a living 
part, may decay, aud often does so, without the least injury to the tree, 
except by dimiuisjiiug the strength of tbe trunk, and so rendering it more 
liable to be overlbrown. 

438. The Living Parts of a Tree, of the exogenous kind, are only 
these; first, the rootlets at one extremity; second, the buds and leaves of 
the season at the other; and third, a zone consisting of the newest wood 
and tbe newest bark, connecting tbe rootlets with the buds or leaves, how- 
ever widely separated these may be, — in the tallest trees from two to four 
hundred feet apart. And these parts of the tree are all renewed every year. 
No wonder, therefore, that trees may live so long, since tbey annually re- 
produce everything that is essential to their life and growth, and since only 
a very small part of their bulk is alive at once. Tlie tree survives, but 
nothing now living has been so long. In it, as elsewhere, Ufe is a traiui- 
tory tbuig, ever abandoning the old, and renewed in the yotaig, 

S i. ANATOMY OF LEAVE3- 

439- The wood in leaves is the framework of ribs, veins, and veinleti 
(125), serving not only to strengthen them, but also to bring in the sap, 
and to diatiibate it througliQut rierj ^art. The cellular portion is the 
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green pnip, and ia ncarl; tlie same as the green kjer of the berk. So tliat 
the leaf may properly enough be regarded as a sort of espaueion of the 
fibrous and green layers of the bark. It has no proper corky layer ; but 
ibe whole ii covered by a transparent skiu or epidemU, resetnbling that 
f the stem. 
440. The cells of the leaf are of various forms, rarely so compact as to 
le cellular tissue, usually loosely arranged, at least in the lower 
to give copious interveuiog spaces or air passages, commum- 
g thronghout the whole interior (Fig. 443, 4S3). The green color is 
Bbj the chlorophyll (417), seen through the very transpareut walla of 
11b and through the translucent epidermis of tiie leaf. 
. In ordinary leaves, having an upper atid wider surface, the green 
i form two distinct strata, of different arrangement. Those of the 
' upper stratum are oblong or cylindrical, and stand endwise ta the surface 
' of the leaf, usuaHy close together, leaving hardly any vacant spaces; those 
of the lower are commonly irregular in shape, most of them with their 
longer diameter parallel to the face of the leaf, and are very loosely ar- 
ranged, leaving many and wide air-chambers. The green color of the 
lower is therefore diluted, and paler than that of the upper face of the leaf. 
Tlie upper part of the leaf is so constructed as to hear tlie direct action 




of fte Btmskine ; the lower so as to afford freer oircnlatioE of air, and to 

facilitate transpiratEon. It communicates more directly than the npper 
with the external air by means of Slomatei. 

m. The Epidermis or skin of leaves and all young shoots is best 
seen in the folisgc. It may readily be stripped off from the surface of a 
Lily-leaf, and still more so from more fleshy and soft leaves, such as thosa 



Fia, «83. M^nlGed section of a leaf of White Lilf, to eihibit the cellnlu 
vtrocture, both of upper and lower Btratum, the oir-paAAagea of the lower, and 
the epidermis or akin, In BectloQ, also a little of that at the lower face, with midb 
at its stomites. 
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of Eouseleek. The epidennU is osuaU; composed of a single lajer, ooca- 
HionnHy of two or three layers, of emptj 
cells, mostlj of irregular outliue. Tiie sio- 
uous lines wUicli traverse it, and may be dis- 






cerned under low powers of the microscope (Fig. i6T), are tbe booiuUriea 
of the epidermal cells, 

as. Breathiag-pores, or Stomates, Stomata (singular, a Stoma, — 
literally, a mouth) are openings through the epidermis iuto the air-chambers 
or intercellular passages, always between and guarded by a pair of thin- 
walled guardian cells. Although most abundant in leares, especially on 
tiieir lower face (that which is screened from direct sunlight), they are 
found on most other greeu parts. They establish a direct communication 
between tbe external air and that in the loose interior of the leaf. Their 
guardian cells or lips, which are soft and delicate, like those of the grecu 
pulp within, by their greater or less turgiditj open or cloae the orifice as the 
moisture or dryness varies. 

444. In the White Lily the stomata are so remarkably large that they 
may be seen by a simple microscope of moderale power, and may be dis- 
cerned even by a good hand lens. There are about 60,000 of them to tbe 
square inch of the epidermis of tha lower face of this Lily-!eaf, and only 
about 3000 to the same space on the upper face. It is computed that an 
average leaf of an Apple-tree has on its lower face about 100,000 of tliese 
mouths. 



S5. PLANT FOOD AND ASSIMILATION. 

445. Only plants are capable of originating organiiabie matter, or tbe 
materials which compose the structure of vegetables and animals. The es- 
sential and peculiar work of platita is to take up portious of earth and air 
(water belonging to both) upon wiiich animals cannot live at all, and to 
convert: them into something orgnnizable ; that is, into something that, 
under Ufe, may be built up into vegetable and animal structures. All the 
food of animals is produced by plants. Animals hve upon vi^tftblea, 

it epidermis of the lower face of a White-Lily le«t, 

the closed ataii. 480. Acothei 

iglily magmfled. 



FiQ. 484. Smail portion 



jith f 



Flo. 4S5. Oae of these, more magnified, 
Etoma, open. 
Fia. 487- Small portion or epidermis oT the Garden 
showing very slnuoaa-walled cells, »nd three rtoioaU. 
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direotij or at secaod hand, the eamivorous npon the herbivorous; and 
vegetables hve upon earlb and air, imniediateij or at second hand. 

446. Tbe Food of plants, tliec, prlmaiily, b earth and air. This is 
evident ellough from tlie waj in which they Uve, Many plants will iourisli 
m pure sand or powdered clialk, or on the bare face of a rock or wall, 
watered merely with raio. And almost ooy pkiit maj be made to grow 
from tbe seed iu moist sand, aud iiicrease its weight mauy tinies, even if it 
will not come to perfection. Many naturally live suspended from the 
brancliea of trees high in llie air, and iionrished by it aloue, never hav- 
iiig any eonneetiou with the soil ; and some wliich naturally grow on the 
ground, like the Live-forever of the gardens, wljeu pulled up by the roots 
and hung in the air will often Qourish tbe whole summer long. 

447. It LB true that fast^rowing plants, or those which produce much 
vegetable matter iu one season (especially in such concentrated form as 
to be useful as food for man or the higher animals) will come to maturity 
only in an enriched soil. But what is a rich soil P One which contains 
decomposing vegetable matter, or some decomposing animal matter; that 
ia, in either case, some decomposing organic matter tbrmerly produced by 
plants. Aided by this, grain-bearing and other important vegetables will 
grow more rapidly and vigorously, and make a greater amount of nourisn- 
iiig matter, tliuu tliey could if left to do the whole work at once from the 
hpg i linin g, So that in these cases also all the organic or oiganizable matter 
was mode by plants, mid made out of earth and air. Far the larger and 
most essential part was air and water. 

448. Two kinds of material are taken in and used by plants ; of which 
the first, although more or less essential to perfect plant-growtli, are in a 
certain sense subsidiary, if not accidental, vijs. : — 

Earthy consli/tie/ili, those which are left in the form of ashes wlien a leaf 
or a stick of wood is burned in the open air. These consist of some polmh 
(or loda in a marine plant), some silex (the same as flint), and a little lime, 
aiumine, or maffneita^ iron or aanffanete, tvlphur, phoiphom, etc., — some 
or all of these in variRble und usually minute proportions. They are such 
materials oa happen to be dissolved, in small quaiitily, in the water laien 
np by the roofs; and when that is consumed by the plant, or flies off pure 
(as it Urgely does) by exhalation, tlie earthy matter is lefl^ behind in the 
cells, — just as it is left incrusting the sides of a teakettle in which much 
hard water has been boiled. Naturally, therefore, there is more earthy 
matter (i. e. more ashes) in the leaves than in any other part (sometimes 
as much as seven per cent, when the wood contains only two per cent) j 
because it is Ihrough the leaves that most of the water escapes from the 
plant. Some of this earthy matter incrusts the cell-walls, some goes to 
form crystals or rhapiiides, which abound in maoy plants (433), some 
enters into certain sjiecial vegetable products, and some appears to be ne- 
cessary to tiie well-being of the higher orders of plants, although formiuft 
no necessary part of the proper vegetable structure. 



I 
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Tie Wtenlial emuliluenls of the orgauic fabric are those which are dissi- 
pated into air aud vapor iu complete huruing. Tliej make up from 88 to 
99 per cent of the leuf or stem) uud essentially the whale both of the cellu- 
lose of the walls and the jirotuplHsoi of the contents. Buriitog gives tlieK 
materials of the plant's siniclure back to the air, muiiily ici tlie same condi- 
tion iu which the plant took tbem, the saeie condition which is reached 
more atowly in uatural decay. The cheiiiicut elementa of t)ie cell-walls (or 
cellulose, 403), as also of starch, sugar, and all that class of orgaoiKable 
cell-material, are carbon, liydi'ogeu, aud oxygen (ii99). The same, witli 
nitrogen, are the CDUsiitueiita of prutopksm, or the truly vital part of 
vegetation. 

U9. These chemical elements out of which orf^nic matters are com- 
posed are supplied to the plant by water, carbonic acid, and some comhina- 
tions of nitrogen. 

Walcr, far more largely than anything else, ia imbibed by the roots ; also 
more or less by the foliuge in the form of vapor. Water conaists of oijgen 
and hydrogen; and cellulose or plant-wall, starch, sugar, ctc<, however* 
diiferent in their qualities, agree in containing these two elements in the 
same relative proportions as in water. 

Oir^DAicacii^ gas (Carbon dioxide) isoneoftliecomponenis of the atmos- 
phere, — a small one, ordinarily oid; about ^j^ir "^ '^^ hulk, — sufficient 
for the supply of vegetation, but not enough to be injurious t« auimala, as it ' 
wouldheifaccumutated. £very current orhreeze of air brings to the leaves 
expanded in it a succession of fresh atoms of carbonic acid, which it absorbs 
through its multitudinous hreathi tig-pores. This gas is also taken up hj 
water. So it is brought to the ground hy rain, and is absorbed by the roots 
of planto, either as dissolved in the water they imbibe, or in the form of 
gaa in the infcrBticea of the soil. Manured ground, that is, soil containing 
decomposing vegetable or animal matters, is constantly giving out this gas 
ijito the interstices of the soil, whence the roots of the growing crop absorb 
it. Carbonic acid thus supplied, primarily from the air, is the sonrce of the 
carbon which forms much the largest part of the substance of every plant. 
The proportion of carbon may be roughly estimated bj charring some wood 
or foliage; that is, by healing it out of contact with the air, so as to decom- 
pose and drive ntf all the other constituents of the fabric, leaving- the large 
hulk of charcoal or carbon behind. 

Nilroffen, the remaining plant-element, is a gas which makes up more 
than two thirds of the atmosphere, is brought into the foliage and also lo 
the roots (being moderately soluble in water) in the same ways as is cac- 
bouic acid. The nitrogen wliich, mixed with oxygen, a little carbonic acid, 
and vapor of water, constitutes the air wc breathe, is the souroe of tills 
fourth plant-clement. Eut it is very doubtful if ordinary plants can use 
any nitrogen gas directly as food ; that is, if they can directly ci 
combine with llie iither elements so as lo form protoplasm. Bat when com- 
biaed with Jjydrogen (forruiug ammonia), or when combined with oxygen 



(Qitrio Bcid aud nitrates) plants appropriate it with avidity. Acd several 
nataral prooesaea are going on in wliicli nitrogen of tLe air ia so combined 
and supplied to tlie soil iu forma directly available to llie plant. The most 
efficient is nilr^calion, tlie fonnatiou of nitre (nitrate of potasb) iu the soil, 
especially in all fertile soils, tbraugli the action of a bacterial fermiiiit. 

450. Assimilation in plaata is the conversion of these inorganic sub- 
stances — essentially, water, carbonic acid, and some form of combined or 
combinable nitrogen — into vegetable matter. This most dilute food the 
living plant concentrates and assirailatea to itself Only plants are capable 
of converting these mineral into organizablc matters ; and tins all-imporUut 
TTork 13 done by them (so far as all ordinary vegetaliou is concerned) only 

451. UKd^ tie light of (he auu, acting upon green parti or foliage, that 
ia, upon the chlorophyll, or npon what answers to chloraphyll, which these 
parts contain. The sun in some way supplies a power which enables the 
living plant to originate these peculiar (.hemioal oombinatious, — to organ- 
ae matter into forms which are alone capable of being endowed with life. 
Tlie proof of this proposition is simple ; and it shows at the same time, in 
the simplest way, what a plant does with the water and carbonic acid it 
consumes. Namely, 1st, it is ouly in sunshine or bright daylight that the 
green parts of plants give out oxygen gas, — then they regularly do bo ; 
«nd 8J, [he giving out of this oxygen gas is reqoired to render the chemical 

^composition of water and carbonic acid the same as that of eelluloie, that 
is, of the plant's permanent fabric. This shows why plants spread out so 
large a surface of foliage. Leaves are so many workshops, full of ma- 
ehincry worked by sun-power. The emission of oxygen gas jfrom any 
Bun-lit foliage is seen by placing some of this under water, or by using an 
aqnatie plant, by collecting the air bubbles which rise, aud by noting tliat 
a laper burns brigliter in tbia air. Or a leafy plant in a glass globe may 
be supplied with a certain small percentage of carbonic actd gas, and after 
proper exposure to sunshine, the air on being tested will be found to con- 
tain less carbonic acid and just so much the more oxygen gaa. 

453. Now if ibe plant is making cellulose or any equivulent substance, 
— that ia, b making the very materials of its fabric and growth, as must 
generally be the case, — all this osygen gaa given off by the leaves comes 
from the decomposition of carbonic acid taken in by the plant. For cellu- 
lose, and also starch, destrine, sugar, and the like are composed of carbon 
along with oxygen and liydrogen in just the proportions to form water. 
And the carbonic acid and water taken in, less the oxygen which the carbon 
brought with it as carbonic acid, and which is given oif from the foliage ia 
■nnahine, just represents the manufactured article, cellulose. 

4S3. It comes to the same if the first product of assimilation ia sngar, 
or dextrine which is a sort of soluble starch, or starch itself. And in the 
plant all these forms are rejidily changed into one another. In the tiny 
seedling, as fast as this assimilated matter is formed It is used in growth, 
that is, in the formation of cell-walls. After a time some or much ot 
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tbf product may be accumulated in store for future growtii, ss in tlie root 
of the turnip, or the tuber of tbe potato, or tlie seed of com or pulse. 
This store is mainly iu tlie form of starch. When growth begins anew, 
this starch is turned into dextrine or into sugar, in liquid form, and used 
to nourish and build up the germluatiug embryo or the new shoot, where 
it b ftt length couTcrled iuto cellulose and used to build up plaut>4tnicture. 

45i. But that wliich builds plant-fabric is not the cellular structure 
itself; the work is done hj the liring protoplasm which dweUa within the 
walla. This also has to take and to assimilate its proper food, for its own 
maintenance and growth. Protophasm assimilates, along with the other 
three elements, the nitrogen of the plant's food. This comes primarily from 
tlie vast stock in tiie atmosphere, but mainly through the earth, where it is 
accumulated through various processes in a fertile soU, — mainly, so far as 
concerns crops, from the decomposition of former vegetables and animals. 
This protoplasm, which is formed at t)ie same time as the simpler cellulose, 
is esseatially the same as the flesh of animals, and the source of it. It is _ 
the common basb of vegeiable and of animal life. 

4aS. So plant-aisimilalioii producet all the food and /abric of animaU. 
Starch, sugar, the oils (which are, as it were, these fariuacRous matters 
more deoxidated), chlorophyll, and the like, and even cellulose itself, form 
the food of herbirorouB animals and much of the food of man. When 
digested they enter into the blood, undergo yarious tmnsformatious, and are 
at length decomposed iuto carbonic acid and water, and exhaled from the 
lungs in respiration, — iu other words, are given back to the air by the ani- 
mal as the very same materials whicli the plant took [mm the air as its food, 
— are given back to the air in the same form that they would have taken if 
tbe vegetable matter had been left to decay where it grew, or if it had been 
set on fire and burned; and with the same result, too, as to the heat, — lie 
heat in this case producmg and maintaining the proper temperature of the 
animrd. 

456. The protoplasm and other products containing nitn^n (gluten, 
legumine, etc.), aud which are most accumulated in grains and seeds (for 
the nourishment of their embryos when they germinate), compose the most 
natritious vegetable food coiisutned by animals; they form their proper 
flesh and sinews, while the earthy constituents of the plant form tbe earthy 
matter of the bones, etc. At length decomposed, in the setiretions and 
excretions, these nitrogenous constituents are through successive changes 
finally resolved into mineral matter, into carbonic acid, water, and ammonia 
or some nitrates, — into exactly or essentially the same matermls which tiie 
plants took up and assimilated. Animals depend upon vegetables abso. 
lutely and directly for their subsistence; also indirectly, because 

457. Plants purify the air Jbr animali. In the veryiirocess by which they 
create food they take from the air carbonic acid gns, injurious to animal res- 
piration, which is continuaUy poured info it by the hreathiug of all animals, 

bj all dec&i/, by the burning of tucl SLod all other ordinary combustion ; aud 
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the; restore an equal bulk of Ufe-sustAining oxjgen needful for the respiration 
of animals, — ueedful, also, in a certain measure, for plant: in an; work tbej 
do. For in plants, as well as in animals, work is done at a certain cost 



I 6. PLANT WORK AND MOVEMENT. 

45S. Aa the organic basis aud Lrul; living material of plants is identical 
with that of animals, so is tlie life at bottom essentially the same ; but in 
animals tomething is added at every rise from the lowest to highest organ- 
bins. Action and work in livbg beings require movement. 

459. Living things move ; those not living are only moved. Flants 
move as truly as do animals. The latter, nourislied as they are upon or- 
ganixed food, wliich baa been prepared for them by plants, and is found 
only here and there, must needs have tlie power of going after it, of collect- 
iog it, or at least of taking it in ; which requires tbem to make spontaneous 
moTementa. But ordinary plants, with tlicir wide-spread surface, al\raya 
in contact with the earth and air on which they feed, — the latter every- 
where the same, and the former very much so, — might be thought to have 
no need of movement. Ordinary plants, indeed, have no locomotion ; some 
flout, but most are iTJoted to the spot where they grew. Yet probably all 
of them execute various movements which must be as truly self-caused oa 
are lliose of the lower grades of animals, — movements which are over- 
looked only because too stow to be directly observed. Nevertheleas, the 
motion of the hour-hand and of the minute-hand of a watch ia not less real 
than that of the seeoiid-liand. 

460. Locomotion. Moreover, many microscopic plants living in water 
are seen to move freely, if not briskly, under the microscope ; and so like- 
wise do more conspicuous 
aquatic pknts in their embryo- 
like or seedling state. Even at 
maturity, specica of Oscillaria 
(such as in Fig. 4S8, minute ( 
worm-8haped plants of freah 
waters, taking tins name from 
their oscillating motions) freely 
execute three different kinds 

of movement, the very delicate inveating coat of cellulose not impeding the 
action of the living protoplasm within. Even when this coat is firmer and 
hardened with a siliceous deposit, such crescent-shaped or boat-shaped 
one-eelled plants as Closleriam or Nacicula are able in some way to move 
along from place to place in the water. 

461. Movements in Cella, or Cell-oircnlatlon, sometimes called Cji- 
clotU, has been detected in so many plants, especially in comparatively 
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traiuparent aqaatic plants and in balrs on llie surfaciB of land pknta (where 
it a easiest to observe), tbul it tiiu; be jiil'erred to take place in all cells 
daring tUe most active part of tlieir life. This motion is commonl; a 
streaming tiioTeineut of tljreads of protoplasm, carrpng 
along solid granules by wljich tbe action ma; be ol>- 
s^rved and ilie rate measured, or in some cases it ia a 
rotation of the whole protoplasmic contents of the cell. 
A comparativeij low maguifjiug power will show it in 
the cells of Nitella and Chara (which are crjptogamoua 
plants) 1 aud under a moderate power it is well eeeii in 
the Tape Graaa of fresh water, ValUaneria, and in Naiaa 
fleidlis (Fig. 48S). Miuute particles and larger green- 
ish globules arc seen to be carried along, as if iu a cur- 
rent, around the cell, passbg up one side, across the 
end, down the other and across the bottom, completmg 
the circuit Bometimes within a minute or less when well 
warmed. To see it well in the cell, which like a string 
of beads form the hairs on the slamens of Spiderwort, 
B high magnifying power is needed. 

M2. Transference of Liquid from Cell to Oell, 

and so from place to place in the plant, tbe absorption. 

of water by the roolleta, and the exhalation of the 

greater part of it from the foliage, — these and similar 

operations are governed by tlie physical laws which 

regulate the diffusion of fluids, but are controlled by the 

action of living protoplasm. Equally under vital control 

"" are the various chemical transformations which attend 

assimilation and growth, and which iuvolve not only molecular movements 

but conveyance. Growth itself, which is the formation and shaping of 

new parts, implies the direction of internal activities to definite ends. 

iS'i. Morementa of Organs. The living protoplasm, in all but the 
loMrest grade of plants, is enclosed and to common appearance isolated in 
separate cells, the walls .of which can only in their earliest state be said to 
be alive. Still plajits are able to cause the protoplasm of adjacent cslls 
to act in concert, and h; their combined action to effect movements in 
roots, stems, or leaves, some of them very alow and gradual, some manifest 
and atriking. Such movements are brought about thmugh individually 
minute changes in the form or tension in the protoplasm of the innumera- 
ble cells which cnake up the structure of the organ. Some of the slower 
movements arc effected during growth, and may be expkincd by inequality 
of growth on the two sides of the bending organ. Bat the more rapid 
changes of position, aud some of the slow ones, cannot be so explained. 
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164. Boot-momnenta In its growth a root turns or benda awa; 
from the liglit and toward tlie coiilrc of the eartti, so tbat in leiigtUcuiiig 
it buries itself ill the soil where il is to live and act. Every duo mujit 
have observed tliia in tLe germioatjun of seeds. Careful obaervatiuna have 
■liown that tha tip of a growing root also makes little sweeps or Khort 
moTemcnts from side to side. By this irieaim it more readily inaLiiuaies 
itself into yielding portions of the soil. Tlie root-tips will also turn 
toward moisture, and so secure tlie most favorable positions in the soil. 

4fi5. Btem-moTemsnts. Tlie root end of the caulicle or first joint ol 
Stem (thai behiw (lie cotyledons) acts like the root, in turning downward 
in germination (making a couiplete bend to do so if it liappens to [KiiDt 
upward as the seed lies iu tbe ground), while ilie other end turns or 
poiuts skyward. TLese opposite positiuus are taken iit complete dark- 
ness as readily as in the liglit, in dryness as mncL as iu moisture; there 
fore, so far as tiiese movements are physical, the two portious of the same 
iuternode appear to be oppositely affected by gravitatiou or otiier iu- 
flueucm. 

*06. Rising into the air, the afem atid green slioots generally, while 
joung and plialile, bend or direct ihemselvea toward the lighi, cir toward 
tlie stronger liglit wlien unequally illuminated; wliile roots turn toward tlie 
darkness. 

467. Many growing stems have also a moroment of Nutation, that is, 
of nodding successively iu different directions. This is brought about by 
a temporary incroasc of turgidity of the cells along one side, thus bowing 
the stem over to ihe opposite side; and this line of tu^scence travels 
round tlie shoot continually, from right t« left or from left to right accord- 
ing U) the species : thus the shoot bends to all points of the compass in 
succession. Commonly this nutation is alight or hardly observitble. It is 
most marked in 

463. Twining Stems (Fig. 90). The growing upper end of such 
stems, as is fainiliur in tlic Hop, Pole Eeuns, and Moruing-Glory, turns 
ovp.r in au inclined or horizontal direclioa, thus stretching out to reach a 
nf^iglibaring support, aud by the continual cliange ui the direction of tbe 
nodding, sweeps the whole circle, the sweeps beii^ the longer as the stem 
Icngtbena. When it strikes agaiiist a snpport, such as a stem or branch of 
a neighboring plant, the motion is arrested at the contact, but coulinues 
at t)ie growing apex beyond, and tliia apex is thus made to wind spirally 
around the supporting body. 

4fifl. Leaf-movements arc all but universal. The presentation by 
most leaves of tlieir upper surface to the light, from whatever direction 
tliat may come, ia an instance; for when turned upside down they twist ot 
bend round on the stalk to recover this nnrtrial position. Leaves, and the 
lesflets of compound leaves, change this position at nightfall, or when the 
light is withdrawn ; tiicy then take what is called their sleeping posture, 
resuming the diurnal position when daylight retuma. This is TerYstcikln% 
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in Locust-lrees, in tlie Sensiti»e Plant (Fig. 490), and in Woodaorrel. 
Young secdlingB droop or c1i«b tlielr leayes at iiigbt in plants wbich »re 
not tbus affected ia llje adult fuluige. All this ia thougLt to be a protec- 
tion against llie cold b; nocturnal radiation. 

170. Various plants climb bj a coiling movement of their leaTea or their 
leaf-stalks. Familiar examples are seen in Clematis, Maurandia, Tropcco- 
lum, and in a Sulanumnhich b niucli cultivated ia greeuLuuses (Fig. 172). 
In Ibe latter, and in other nood; plants which climb in this waj, the 
petioles tbicken and harden after thej have gi-asped their support, thns 
■Bcuring a very firm hold, 

471. TendrU movements. Tendrils are either leaves or stems (98, 
163), spcciallj developed lor climbing purposes. Cobtea is a good exatn- 
ple of ptu-tial transformalion ; some of the leaflets are iiortual, some of the 
same leaf are httlu tendrils, and some intermediate in cljaracler. The 
Passion -lluwers give good examples of simple stem^teudrils (ifig. 98) ; 
Grape-Vines, of branched ones. Most tendrils make revolving sweeps, like 
those of twilling eleina. Those of some Fasaion-Qotvers, in sultry weather, 
are apt to move fast enough for the movement actnallj to be seen for a part 
of the circuit, as plainlj aa that of the second-hand of a watch. Two 
herbaceoDs species, Passiflora gracilis and F. sicjoides (the first an annoal, 
the second a strong-rooted perennial of the < 
cultivaiioji), are admirable for illastration both of 
revolving movements and of sensitive coiling. 

473. Movements under IrrltEitioii. The most 
familiar case is that of the Sensitive Flaot (Fig. 490). 
The leaves suddeolj take their DDcturnal position 
when rooghlj touched or when shocked hj a jar. 
The leaflets close io pairs, the four outspread par- 
tial petioles come closer together, and the 
petiole is depressed. 
The sent of t)ie move- 
ments is at the base of 
the teaf-stalk and stalk- 
lets. Schraoki: 
relative of the Sensitive 
Plant, acts i 
way, but is slower. 
These are 

Ions actions, but only 
extreme manifestations of a facntty 
Locust and Honej-Locusts for example, repeated ja 
dncc similar effects. 



I 
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473. Leaf-stoLka aad tendrils are adapted lo their uses in climbing b; a 
siiQilnr aensitiveness. The coiling of the leaf-stalk is in response Ui & 
kind of irritation produced b; contact vith the supporting bodj. This 
ma; be shown bj gentle rubbing or prolonged pressure upon the upper 
face of the leaf-stalk, which is soon followed bj a curvature. Tcc- 
drila are still more sensitive lo contact or light friction. Tbis causes the 
free end of the tendril to coil round the support, and the Genaitiveuesa, 
propagated downward bIoii^ the t«ndril, causes that side of it to become 
less turgescent or tbe opposite side more tio, thus throwing the tendril into 
ooiia. This shortening draws tbe plant up to the support. Tendrils which 
have not laid hold wili at length cammonl; coil spontaneously, iu a simple 
ooit, from the free apex downward. 

In Siejos, Echinocjstis, and 
above mentioned Passion-flowers 
(471), the tendril is so sensitive, 
under a highsummer temperature, 
tbat it will curve and coil prompt. 
1; after one or two light stiokes 
by the band. 

474. Amongspontaneousniove. 
roents tbe most siugular arc those 
of Desmodium gjrans of India, 
aometimea called Telegrapli-plant, 
which is cultivated on accouut of 
tbia action. Of its three leaflets, 
the larger (terminal) one moves 
ool; bj drooping at nightfall and 
rising with the dawu. But its two 
small lateral leaflets, when in a 
congenial high temperature, lij day 
and by night move upward aud 
downward iu a succession of jerks, 
stopping occasionally, as if to 
cover from exhaustion. In most i 
plaut-movoments some obviously I 
useful purpose is subserved : this 
of Desmodium gyrans is a riddle. 

475. Movements in Flowers are very varioua. The most remarkable 
are in some way connected witli fertiliTatiou (Sect. XIIl.)- Some occur 
under irritation ; the slamecs of Barberry start fonvard when touched at 
the haae inside : those of many poiyandrons flowers (of Sparmannia very 
strikingly) spread outwardly when lightly brushed -. the two lips or lobes 




if Telegmph-plant (Desmodium gTmnB), 
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of tbe slipma ia Mimulna close after a touch. Some are automatic and 
are onnnecteil with dichoganij (339) : the stjle of Sabbatia and of large- 
flowered epecies of Epilubtum bends over strongly to one side or tiirusdowu- 
ward when the blossom opens, but slowlj creels itself a daj or two later. 

47C. Eztraordlnaiy Movements ooimeoted -with Captnre of In- 
BBCta. Tbe most strikiog cases are those of Droaera and DJoiMea; for an 
account of which see "How Plants Behave," and Qoodule's " Physiological 
Uotanj." 

477. The nppec face of the leaves of the ooranion species of Drosera, 
or Sundew, is beset witit stout bristles, Laving a glandular tip. This tip 
secretes a drop of a clear but verj viscid liquid, whicli glistens like a dew- 
drop in the sun ; whence tbe popular name. Wben a &j or other small 
insect, attracted by the liquid, alights upon tbe leaf, tbe viscid drops are so 
tenacious Ihat the; hold it fast. lu struggling it only becomes more com- 
pletely entangled. Now tbe ueigbboring bris- 
tles, which have not been touched, slowl; bend 
inward from all sides toward the captared in- 
sect, and bring their stioky apex against its 
I body, thus increasing the number of bonds, 
r, the blade of the leaf commonly ^ds 
n the capture by becoming concave, its sides 
ir edges turning inward, which brings still 
■e of the gland-tipped bristles into contact 
with the captive's body, Tbe insect fter- 
islies ; tbe clear liquid disappears, apparenlly 
by absorption into the tissue of 
the leaf. It is thought that the 
absorbed secretion takes with it 
some of tlie juices of tbe insect 
or the products of its decompo- 
sition. 

478. Diouwa muscipnia, the 
most remarkable vegetable flj-ttap 
(Fig. 176. 493), is i-ekted to the 
Sundews, and boa a more special 
and aclivB apparatus for fly- 
catcliing, formed of the summit 
rounded body move as if they » 




of the leaf. The two halves of tbi) 



hinged upon the midrib; tbeir edges are fringed with spiny but not 
glandular bristles, which interlock wben the oi^n closes. Upon the face 
are two or tliree abort and delicate bristles, which are sensitive. They do 
not themselves move when touched, but tiiey propagate the sensitiveness to 
the organ itself, causing it to close with a quick movement. lu a fresh 

F/Q 492. Plant of Dianwa musciputa, or Venua'a Fly-trap, reciucaJ id hUb. 
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snii Tigorous leaf, ander a high summer temperature, atid when tho trap 
lies widelj opeu, s touch of any one of the minute bristles on Ihe face, bj 
tlie fijiger or aiij extraneoua body, springs the Irap (so to aaj), and it 
closes suddenly; but after an hour or so it opens again. Wlienaflyor 
other small insect alights on the trap, it closes in the same manner, and bo 
quickly that the intercrossing margiunl bristles obstruct the egress of Ihe 
insect, unless it be a small one and not worth takuig. Afterwards and 
more slowly it completely closes, and presses down upon Ihe prey, then 
some hidden glands pour out a glairy lii^uid, which dissolves out the juiecs 
of the insect's body; next all is re-ahsorbed into the plant, and the trap 
opens to rcjieat the opemlion. But the same leaf perhaps never captures 
more than two or three insects. It ages instead, becomes more rigid and 
motionless, or deoaja away. 

+79. That some few planis should thas take animal food will appear 
less surprisinif when it is considered that hosts of plants of the lower grade, 
known as Fungi, moulds, rusts, ferments. Bacteria, etc., live upon animal 
or other organized matter, eitlicr decaying or living. That plants should 
cuecute movements in order to accomplish the ends of tlieir eitislcnce is 
less surprising now when it is known that the living substance of phtnfs 
and animals is essentially the same ; that the beings of both kingdoms par- 
take of a common life, to which, as they rise in the scale, other and higher 
endowments are successively superadded, 

4S0- Work: uses np material and energy in plants as well as in ani- 
mals. The Utter live and work by the consumption nod decomposition 
of that which plants have assimilated into organizable matter througli an 
eucrgy derived from the sun, and which is, so to say, stored up in the as- 
similated products. In every internal aclion, as well as in every movemejit 
and exertion, some portion of this assiniikted mailer is transformed and 
of its stored energy expended. The steam-eogine is an organism for con- 
verting the sun's radiant energy, stored up by plants in the fuel, into me- 
chanieid work. An animal is an engine fed by vegetahte fnel in the sajne 
or other forms, from the same source, bj the decomposition of which it 
also does mechanical work. The plant is the producer of food and accumu- 
lator of solar energy or force. But the plant, like the animal, is a con- 
fer and by so much as it does any work except its great work 
of assimilation. Every internal change and movement, every Iransrorma- 
tioG, such as that of starch into sugar and of sugar iuto cell-walls, as well 
BS every movement of parls whioli becomes eilernally visible, is done at 
the expense of a certain amount of its assimilated matter and of ils stored 
energy ; that is, by the deeoniposition or combustion of sugar or some such 
product into carbonic acid and water, wliich is given back to the air, just 
as in the animal it is given back to the air in respiration. So ihe respira- 
tion of plants is as real and as essential as tliat of animals. But what plants 
ir decompose in their life and action is of insignificant amount in 
oomparisoa with what they compose. 
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Section XVII. CKYPTOGAMOUS OR FLO^VERLESS 

PLANTS. 

4SI. Eron lliB begiimer in hotnny should Imve some general idea of 
wbnt cr^ptogiuDoua plauts are, and wbot are llie obvious dialinctioua of Ibe 
priucipol faniibes. Allbuugb the lower grades arc difficult, and need special 
ixioks find good micro.scopes for their stud;, the iiigher orders, such as 
Fertia, maj be determineni almost as readily as pbanerogamous pianfs. 

482. Liniiieiis guve to tliis lower grade of plauts tlie name of Crgpt^ 
gamia, thereby indicating tliat their organs answering la stamens anil 
pistils, if they had any, were recondite and unknown. Then; is no valid 
reason why this long-familiar name shouhl not be kept up. along nitb the 
counterpart one of F/mnerogamia (6), although organs analogous to stamens 
and pistil, or rather to pollen and ovule, liave been discovered in all the 
higher and most of the lower grades of this series of plants. So also 
the English synonymous name of Flowerkss Pianlx is botli good and con- 
venient: for they have not flowers in the proper seuse. The essentials of 
flowers are stamens and pistils, giving rise to seeds, and the essential of a 
seed is aa embryo (8). Cryptogamous or Flowerless plants are propagated 
by Sfoiies ; and a spore is not on embryo-plautlet, bat mostly a single 
plant-cell (399). 

48!i. Vascular Cryptoganis, vfhich compose the higher orders of this 
aeries of plants, have stems and (usually) leaves, constructed upon the 
general phin of ordinary plants; that is, they have wood (wood-cella and 
vessels, 408) in the stem and leaves, in the latter as a frame work of veins. 
But the lower grades, having only the more elementary cellular structure, 
are called Cellular Cryplogams. Far the larger number of the former are 
Terns; wherefore thai class has been called 

434. PteridopiiytB, Pteridopliytes in English fonn, meaning Ferit- 
planit, — that is, Ferns and their relatives. They are mainly Horsetails, 
Ferns, Club-Mosses, and various aquatics which have been called Ifydrop- 
ieridea, L e, Water-Ferua. 

485. Horsetails, Equisetaeete, is the name of a family which consists 
only (among now-living plants) of Equiaiunt, the botanical name of Horse- 
tail and Scouring Rusli. They have hollow stems, with partitions at the 
nodea;- the leaves consist ouly of a whorl of scales at each node, these 
coalescent into a sheath : from the aiiJs of these leaf-scales, in many apeclea, 
branches grow cut, which are similar to the stem but ou a much smailei 
scale, close-jointed, and with the tips of the leaves more apparent. At tha 
apex of the stem appears t\x /ntcHJicatioit, as It is called for lack of a better 
term, in the form of a short apike or head. This consists of a good nnm- 
ber of stalked shields, bearing oq their inner or under face several wedge- 
tbaped spore-cases. The spore-cases when they ripen open down the boer 
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sWe and diachai^e a ffraat number of green spores of a 
to be well seeu bj a liand-glass. The spores are nided 



! Inrge enough 
their discliarge 




part of tl 




and disseminiitioii b; four club-almped threads attached t( 
These are hygrometrie : wlieu moist thej are rolled 
up over the spore ; when dry they straighten 
aod eshibit lively movements, closing over the 
spore when breatlied upon, aiid unrolling prompth 
a moment after us they dry. (See Fig i9J-493 ) 
486. Ferns, or Fillces, u most attractive famd^ 
of plants, are very numerous and varied In warm 
and equable climates some rise into forest-trees 
with habit of Falms ; but most of them are peren 
nial herbs. The wood of e, rem-trunk is very dit 
ferent, however, from that of a palm, or of any exogenous stem either A 
seclion is represented in Fig, 500. The curved plates of wood each ter- 

FiO. 493. Upper part of a atem of a Horsetail, Equisetmn sylvaticura. *Si. Part 
«f the hend or spike of spore-casea, with some of the latter taken off. 495. View 
(more ealargeii) of under side of the shieM-shapad body, Irearing a circle of spore- 
casBa. 1P3. One of the latter detached and more magnified, 497. A apore with 
the attached arma moistened. 49S. Same when dry, the Hmis extended. 

FlO. 4B9. A Tree-Fem, DickaoDin arboreacens, with a young one near ita base. 
In front a common herbscwms Fum (Polypodium vulgare) with its creeping stem 



Fio. 600. . 



in of the tmnk of a Tree-Fern. 
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ouDate upwnrd in a leaf-italk. The EubterranMn trunk or slem of tmj 
alroug-growiug herbaceous Fcm shows a similar structure. Most Ferns 
are circinnlc in the bud ; that is, are rolled up in the nianner shown iu Fig. 
197. Uncoiling as thej grow, they lm?e some likeness to a crosier. 

487, The fnictification of Ferns is borne on the back or under side of 
the leave- The early botaniets thouglit tliis such a peculiarity that thej 




always called a Fern-leaf a Feond, and its petiole a Stipe. 'Usage con- 
tinues Uiese terms, although they are Enperflnous, The fmit of Ferns 
consists of SpoEE-CiSES, technically Spob*ngi4, which grow ont of the 
veins of the leaf. Sonielimea these arc distributed over the whole lower 



Pw. 601. The Wttlkiug-Ftm, Camptoaoraa, ri 
dots on thfl VflinB apiiroxiraated ia pain. 50! 
SbteM-Feni: a row ol fniit-dola □□ each sidn o 
kidofif'BbapBd indusluiQ. 603. A sp( 



in eiie, stiondng its Fmit' 

null piace (planule) of > 

ililrib, each covered bj itf 

if, jnst horsting by the 



[utrtul straightening of the incomplete ring; well magnified. 60L Three of tha 
spores of 509, mnre magnified. 506. SvhhsEa piTsilla, a very small and sitnplo- 
lesved Fern, drawn nearly of natural iiize. 606, One oC the lobee of its frnlt- 
hearing portion, magnified, tiesring two rows of spore-caaea. 6D7. Spore-oase of 
the latter, cletacheit, opening lengthwise. 50E. Adiler-tongue, Ophjoglomiln: 
«pore-easea in a kind of spike: o, a porUou of the fraiting part, aboat nBtoiti 
size; ehowliig two rows of tlie firm sporemsEee, which open transveraely Into tm 



surface of the leaf or frond, or over the whole aurface when there are uo 
proper leaf-bladea to the frond, but nil is redaceii to stalks. Comcnonly the 
apore-CHSes occupj only detaclied spols or lines, each of which is called a 
SoEUS, or in Eiifjlish merely a Pruit-dot. In many Ferns these friiit-dotB 
are naked ; in otbera thej are produced nnder a scale-like bit of membruiie, 
called an Ihousiuu. In Muidenliair-Ferna a little lobe of the leaf is folded 
back over each fruit-dot, to serve as Ita ahield or iudusiam. In the true 
Brake or Bracken (Pteris) the whole edge of the fruit-bearing part of the 
leaf is Aed back over it like a hem. 

488. The form and structure of the spore-cases can be made out with 
B common hand mognifjiug glass. The commonest kind (sbowu in Fig- 
SOS) has a stalk fiirmed of a row of jointed ceils, and is itself composed 
of a lajer of thin-walled cells, but is incompletely surrounded by a border of 
thicker- walled cells, forming the Bing. This extends from the stalk up 
one side of the spore-case, round its summit, descends on the other side, 
bat there gradually yanishes. In ripening and drying the shrinking of the 
cells of the ring on the outer side causes it to straighteaj ia doiug bo it 
tears the spore-cose open on the weaker side and 
discharges the minute spares that fill it, com- 
monly with a jerk which scatters them to the 
wind. Another kind of spore-case (Fig. 507) 
is stalkless, and has its 
L ring-cells forming a kind 
^ of cap at the top ; at ma- 
turity it splits from top 
to bottom by a regular j 
dehiscence. A third kin 

of firm teiture and J5 
opens across into two - 
valves, like a clam-shell ~ 
(Fig. 508°) : this kind ■• 
makes au approach to the 
nest family. 

489. The spores germi- 
nate ou moistened ground, 
lu a conservatory they 
may be found gfrminatiiig 
on a damp wall or on the edges of a well-watered flower-pot. Instead of 
directly formmg a fern-plan tie t, the spnre grows first into a bodj which 





h 



Fw. 609. A young prothallus of a Maiden-hair, moderately eiilargeiii and an 
older one with the first fem-lesf developed from near the notch. 610. Middle por- 
Hon of the young one, mnch iHf«nifli«i. showing below, partly among Ilia roolleta, 
lbs antheridia or fertilizing orgaju, and above, De«r the notch, thrae piitiliiiiia 
to be fertilized. 



closely resembles a sdib!! Liverwort. Thb is named a PEOTHAiLUS (Fig, 
509) : from some point of thia a bud appears to originate, which produoei 
the first fern-leaf, soon followed by a second and third, and so the stem 
ind leaves of the plant are set np. 

490. Investigation of tliia prothallns under the microsoope resulted in 
the discovarj of o wholly unsaspreti-d kind of fertilization, taking place at 




of 01 

I Fr 

I sepa: 

■ Fi 

I with 



thia germuialing stage of the plant On the nnder side of the prothallns 
two kinda of organa appear (Fig 510) One may be likened to an open 
and depressed ovule, with a single cell at hottom answering to nucleus ; 
the other to an anther, but instead of pollen, it discharges corkacrew- 
shaped microscopic filaments, which bear some cilia of extreme lennitj, hj 
the rapid vibration of which the hlament' move freely over a wet surface, 
Tlieae filaments travel over the surface of the prothallus, and even ta other 
prothftlli (for there are natural hjhnd Feme), reach and enter the ovnle- 

Fm. 511. Lycopodium CRroliniBnnm, of nearly natural size. 512. Indde view 

if the bract« and spore-case, magnified. 
Flo. 513. Open l-vnlved spore-cftse of a Selegindla, and its four large Hpotes 
(macrospores), magnified. 5\i. Macrasporea of another Selogineila. G16. Sama 
separated. 

Fio, 516. Plant of laoetes. G17. Base of a leaf and contained sporooarp fiDed 

■with microaporea cut acrosa, magnified. 618. Same divided lengthwine, equally 

minified ; some microaporea seen at the left. 518. Section of a spore-case oontain- 

icrospores, equally magnified \ at the right three macroapores more magnlfieoi' 
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a growtli, forms 



like cavities, and fertilize the cell. This thereupon si 
& vegetable bud. niid so develops the uew plnot. 

401. An essentially similar pcoceaa of fertilization ha? been discovered 
ill ibe preceding and the following famihes of PteridoplijteB ; but it is 
mostly aubterrsDeau and very difficult t« observe. 

493. Club-Mosses or Lyaopodiams. Some of the common kinds, 
called Ground Pine, are familiar, being largely used far Chriatmas wreaths 
and other decoration. Tliey are low evergreens, some creeping, ell wiHi 
considerable wood in tlieir stems : tliis tliiekly beset nitli small leaves. In 
the aiila of aoce of these leaves, or more commonly, ia the axils of pecu- 
liar leaves changed into bracts (as in Fig. 511, 512) apore.casea appear, as 
roundish or kidney-shaped bodies, of firm texture, opening round the top 
into two valves, and discbargiug a great quantity of a very fine yellovr 
powder, the spores. 

493, The Selaginellas have been separated from Ljcopodium, tIucIi 
they much reacinble, because tlicy produce two kinds of spores, in sepa- 
rate spore-cases. One kind (MR'&osFOBJts) is just that of Ljcopodium ; 
the other couaiats of Duly 
four large spores (Macko- 

wliicli usually breaks in 
pieces at maturity (Fig. 
513-515), 

494, TbB Quill worts, 
Isoetes (Fig. 516-519). 
are very uuUke Club Mos- 
ses iu aspect, but bave been 
associated with them. They 
look more like Rushes, and 
live in water, or partly out 
of it. A very short stem, 
like a corm, bears a cluster 
of roots underneath ; above 
it is covered by the broad 
bases of a cluster of awl- 
shaped or thread, shaped 
leaves. The spore-cases 
are immersed in the bases 
of the leaves. The outer 
leaf-bases contain 
merable mierospnrps, 

495, The Pillworts (Mamli 




maerospores ; the inat 
Ld Pilularia) a 



: low aquatics, vrhieh 



A the Hght s pair of 
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bei J globular or pill-shaped fruit (SpoBociitPs) on the lower part of then 
Idtf-staiks or oo tbeii slender creepiug stems. The leaves o( the commonel 
Species of Marailia miglit be taken for foui^leaved Clover. (See Fig. fi3U.) 
TliB spofocarpa are usiully raised ou a sbcirt stulk. Wiihia they are 
divided lengthwise bj a parlition, and then croaawiae hj several pattitions. 
These partitioua bear numerous delicate sacs or spore-cases of two kinds, 
intermixed. The larger ones contaia each a large spore, or mocrospore 
the smaller contain numerous microspores, immersed in mucilage. AC 
Duturitj the fruit bursts or splits open at top, and the tvro kinds of spores 
are discharged. The large ones in germination produce a small prothallus ; 
upoD which the contents of the microspores act iu the same way as in 
rems, and wiih a siniibr result. 

490. Azolla is a little Qoatiag plant, looking hke a small Liverwort or 
Moss. Its branches are covered with iniuuLc and scole-sliikped leaves. 
On Ihfi under side of the braochca are fouud egg-sbapcd thin-waQed sporo- 
carps of two kinds. The small ones open ncrosa and discha:^ niicro- 
spores ; the lai^er burst irregularly, and bring to view globose spore-cases, 
attached to the bottom of the eporocarp by a slender slaJk. These delicate 
spore-oases burst aud set free about four macrosporca, which are ferti. 
lized at germination, in the manner of the Pillworts aud Qnillworts. 
(See Fig. 521-520.) 



E23 




497. Cellnlar Cryptogams (tS3) are so called because composed, 
even in their higher forms, of cellular tissue only, without proper wood- 
cells or vessels. Many of the lower kinds are mere plates, or ribbons, 
or simple rows of cells, or even single cells. But their highest ordera 
follow the plan of Ferns and phanerogamous plants in liaviug stem and 
loaves for iheir upward growth, and commonly roots, or at least rootlets, 

FlQ. S21. amsll pl.int nf Amlla Csroliniana. 522. Portion mngniBed, showing 
the two kinils ot aporoearp; the small ones contHin miuroBporBs ; 523 reppegenti 
one mora magnified. 524. The larger sporoGarp more magnified. E25. Banw 
more magniflBd and buret open, showing stalked spore^ases. 52B. Two nT the , 
Utter highly magnified ; one of them bnreting aliowa four contained macnxpomt 
batweea the two, thrae of these spoiea U^j -ag^iSsik. 
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to attach them to the soil, or ti 
grow. Planta of thia grade a 



then. 



leof 



trunks, or to otlier bodiea on which tliey 
; cliieflj Mosaea. So as a whole they take 



498. Bryophyta, Bryophytes in English form, Brjnm beiag the 
Greek iiauic of a Moas. These plants are of two principal kinds ; trun 
Mosses (Manci, which is their Latin name ia the plural) ; and Hepatic 
Mosses, or Liverwoitu (ffepalifig). 

i99. Mosses or MusoL The pale Peat-mosses (species of Bphagnnm. 
the principal componeiit of aphagnous bogs) and the stroug-gtowbg Hair- 
cap Moss (Poljtriehum) are amouf^ the lai^ 
ger and commoner representatives of tiiia 
Eumerona family ; while Fountain Moss (Tou- 
tinalis) in running water sometimes attains (ho 
length of a yard or mora. On the otiier liand, 
Bome are barely individually diatinguia liable 
1(1 the naked eye. Tig. 53/ represeiils a com- 
mon little Moss, enlai^ed to about twelve 
times i(a natural size ; and by ita side ia part 
of a leaf, much magnified, showing that it ia 
composed ot cellular tissue (parenohj ma-cell a) 
only. The leaves of Mosses are always sim- 
ple, distioct, and sessile on the stem. The 
fructification is an um-shaped spore-case, in 
thia 08 in moat cases raised on a slender stalk. 
The spore-case loosely bears on its summit 
a, thin and point^l cap, like a candle-eitin- 
gaiaher, called a Colyptra. Detaching thia, it 
is fotnid that the spore-oase ia like a pyxis 
(37f)), that is, tlie top at maturiiy comes off 
as a lid {Operesium) ; and that the interior is 
filled with a green powder, the spores, which 
■re discharged Ihrongb the open mouth. 
- moat Mosses there ia a fringe of oop or two '' '*' 
rows of toeth or membrane around thia mnulli 62B 627 

or orifice, the PerUlowe. Wlien moiat the peristome cloaes bygrometri- 
caHy over the orifice more or !esa; when drier the teelh or processes 
commonly bend outward or recurve; and then the spores more readily es- 
cape. Ia Hair-cap Moss a membrane ia stretched quite across the month, 
like a drum-head, retaining the spores until this wears away. See IFigarea 
6S7-54t for details. 

SOO. Fertilization in Mosses is by tlic aualogiiea of stamens and pistils, 
which are hidden in the axils of leaves, or in the cluster uf leaves at the 
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end of tie stem. Tbe analogue of the antber (AntAeridism) is a cellular 
sac, wliicli in bursting diselmrgea iiiimmerabiB delicate cells floating in a 
mucilagiaoua Lquid; eacb o( tliese bursts and sets free a vibratile self- 




moving tliread. These threads, one ot more, reach the orifice of tlie piatil- 
ehaped bodj, tlie PUtiUidiuia, and act npon a particalar cell at its baBS 
within. Tliis cell in its growth develops into tbe spore-case and its slalli: 
(when there is anj), carrjing on its snmmit the wall ot tbe pistillidiunij 
which becomes the caljptra. 

501. LiTerworts or Hepatic Mosses {Uepatiae) in some kinfU re- 
semble true Mosses, having distinct stem and leaves, althougli their lesres 
occasionally run together ; while io others there is no distinction of ■feni 
and leaf, bat the whole plant is a Icaf-Utc body, which produces rootlets oni 
the lower face and its fractifieation on the upper. Those of tlie niosB-Uke 
kind (sometimes called Scale-Mosses) have their lender spore-cases splitting 
into four Talves ; and with their spares are intermixed some slender spiral 



Fio, 529, MdI 



m. smaller than 



530. Itscfilyptra,detacl]«di 
top of stalk, miii^ijlea, the lid (582) being 



enlarged. 531. Its spore- 
detached, the outer penstDine appears. 533, Part of a cellnlar ring (aniui'ii^ 
which WEB nnder the lid, outside or the peristome, more magnified. 634. Soms 
of the onter and of the inner peristome (consistiiig of jouited teeth) moeh. miqpii- 
fled. fi35- Antheridia and a pistillidinm (the Bo-oalled flower) at end of > sten 
of same plant, the leaves tnm away (rf, antberiilia, ?, pistiliidiuni), magnifled. 
636. A hursting anthcridiam, and some of the accompanying jointed threadi, 
highly mognifisd. 537. Summit of an open spore-casB of a Moaa, which hu 
a peristome of IS pairs of teeth, 63B. The double peHstome of a Hypnum. 
539-641. Spore-casf, detached calyptrn, and top nf more enlarged apore-cau 
and detached lid, of PhyBComitrium pyriforme (Fig. 327) ; orilice shows that there 
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(nd very hygrometric tlireads {called Elaiers) wLich are thought to aid in 
tlie diapersiou of the apurea. (I'ig, 543-544.) 

503. MarchaQtia, the cummuuest and largest of the true Liverworta, 
forms large green plates or fronds ou damp and shady ^ound, and sends up 
from some part of the upper face a stout stalk, eadiog ui a several-lobed 
innhrella-ahaped body, under the lobes of wliich hang several thin-walled 
spore-oases, whioh burst open aod discharge spores and elal^rs. Riccia 
nalans (Fig. 545) consists of wedge-shaped or beart-aliaped fronds, which 
float free in pools of still water. The under face bears copious rootlets ; iti 
the substance of the upper face ore the spore-caaes, their pointed tips 



■ merely projecting : there they burst open, and discharge their spores. 

■ These are compajatively few aud large, and are in fours; so they are vei7 
like the niacrospores of Pillworla or QuiUworta. 

503. ThaUopbyta, or Thallophytes ill English form. This is the name 
for the lower class of Cellular Cryptogams, — plants iu which there is no 
marked distinction into root, stem, and leaves. Roots in any proper sense 
they never hare, as organs for absorbing, although some of the larger 
Seaweeds (such as the Sea Colander, Fig. 553) have tiiem as lioldfaats. 
Inatead of axis and foliage, lliere is a stratum of frond, in such plania 
commonly called a Teallus (bj a slraiced use of a Greek and Latin word 
whioh means a green shoot or bough), which may have any kind of form, 
leaf-like, stem-like, branchy, eitended (o a flat plate, or gathered into a 
sphere, or drawn out into threads, or reduced to a single row of cells, or 
even reduced to single cells. Indeed, Thallophjtes are so multifarious, ao 
numerona in kinds, so protean in their stages and transfommtions, so re- 
condite in their fructification, and many so microscopic in size, cither of 

FlQ. 542. FructiScBtion of a Jungermaiinm, mBgnified; its cellular Bpore-sUlk, 
(arraaaded at base by some of the leaves, at Buuimit the 4-viilved spore-case open- 
ing, diecharging epores and elatera. 543. Two eloters and some oponsa from thn 
wma, highly magnified. 

Via, SU. Oqb of the frandose Liverworts, Stectzia, otlisrwise like a Junjier 
.; the ipore-caaa not yet protruded from Ite abeath. 
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tbe plant iCself or its essential organs, that the; have t^ be elaboiatel; 
dcacribed in scparaU: books and made subjects of special study. 

504. Nevertheless, it may be well to try t« give some general idea ol 
what Algie and Lichens and Tungi are. Linntcus Ijad them all under the 
orders of Algic and Fungi. Afterwards the Lichens were separated; hut 




of late it has been made most probable that a Licheo consists of an Alga ' 
and a Fungus conjoined. At least it must be so in some of the ambiguous I 
forms. Botanists are iu tbe way of bringing out new olassificatious of the 
Thallophytes, as they come fo understand their structure and relations 
better. HerCj it need only be said that 

605. Licliena live in the air, that is, on the ground, or on rooksi trnnka, 
walls, and the like, and grow when moistened by ralna. They aasinailat* air, 
water, and some earthy matter, just as do ordinary phmts. Algee, or Sea- 




weeds, live in water, and live the same kind of life as do ordinary plants. 
Puugi, whatever medium they iuliabit, live as animals do, upon organic mat- 
ter, — upon what other plants have assimilated, or upon the products of I 



PiQ. 545, 546, Two plants of Riccin natana, about natonil siie. 647, MogulAed 1 
■ectioD of a part of the frond, showing two immerBed ^[Hire-caBea, and one emptied 1 
apace. 548. Maguifled section of a spore-case with some spores. S4{). Hogui- 
Sad spore-case torn out, and spores; one figure of tbe spores united; tbe other of 
the four separated. 

Fio. 650. Branch of a Chani, ahont nataral size. 651. A fmiting portion, 
tnnguilio^, showing tbe Htrnclnrfl; a aporocarp, and an antberidiora. GS2. Oi 
of a portion of the Stem in section, ibowing tbe central cell aod tha on 
cortJcaS cell*. 



THALL0PHYTE3. 

tiieir decay. True hi these general distinctions are, it is no less true tliat 
these orders run together in their lowest forms ; and tliat Algie and FuDgi 
may be traced down into forms so low and simple that no clear line can be 
□ between them ; and even into forms of wliich It is uncertain whether 
they should be Killed plants or animals. It is as well to saj that they are 
not high enough in rank to be distinctively either the oue or the other. On 
the other hand there is a peculiar group of plants, which in aimplicitj of 
eomposition resemble the simpler Aigtc, while iu fmctiflcation aud in the 
arrangemcuts of their simple cells into stem aud branches Ihej seem to be 
if a higher order, vh. -. — 

50(1. Oiaraoem. These are aquatic herbs, of considerable size, abound- 
ing in ponds. The simpler kinds (Nitella) haye the stem formed of a 
single tow of tubular cells, and at the nodes, or junction of the cells, a 
whorl of similar branches. Ghara (Fig 550-j53) la the same except that 
the cells vhicli make up the stem and the principal branches are strength 
oned bf a ooatiiig of many smaller tubnkr celb applied to the surface 
of the main or central cell The fnictit> 
cation con isis of a j,lohalar sporocarp 
of Qousideiable sue which is spirally 




enwrapped by tubular cells twisted aronnd it: by the side of this is a 
smaller and ghibular antheridium. The latter breaks up into eight shield- 

Plo. 653, Agarum Tumeri, Sea Colander (so called from tlie pBrfomtiins with 
which the frond, ob it grows, becames riddled} ; very mach redaced in size. 

Fio. 654. Upper end of a Bockweed, Fucus veaicnlosus, rsduocd half or mora. 
i, tbe ftuctification. 
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shaped pieces, with an iatcrnal stalk, and bearing long &nd ribbon -shaped 
filaments, which consist of a row of delicate oella, each of which dis- 
charges a free-moviug microscopic tliread (the eualogue of the poUea 
polien-tube), nearly in the manner of Ferns and Mosses. One of these 
tlireads reaches and fertilizes & cell at the apex of the nucleus or solid 
liody of the sporocarp. This subsequently gerniinaLes and forms 
individiml. 

507. AJgoa or Seaweeds. The proper Seaweeds maj be studied bj 
the aid of Professor Farlow's "Marine Algse of New England 




( 



freah wafer species by Prof H C. Woods's " Fresh-water Alg» of North 
Amenca a larger aod less accessible volume. A few common foniis are 
here Tery faneflj mentioned and illustrated, to give an idea of tbe broilj. 
But tliej are of almost endless diversity. 

508, The common Eockweed (Fncus veaiculosus. Fig. 55i, abounding 
between high and low water mark on the coast), the rarer Sea Colander 
(Agarmn Turueri, Fig, 553), and Laminaria, of which the larger forms 
are called Devil's Aprons, are good representatives of the olive green or 
brownish Seaweeds. They are attanhed cither by a diak-like base or by 
root-like lioldfaats to the rocks or stones on which they grow. 

509. The hollow and iuSated places in the Fucus vesiculosus or Hock- 
wecd (Fig. 551) are air-bladders for buoyancy. The fructification forms 
in the substance of the tips of tbe frond: the rough dots mark the places 
where the oonoeptaclpa open. The spores and the fertilizing cells are in 
different plants. Sections of the two kinds of conceptacles are given in Fig. 
S55 and 556. The contents of the conceptacles are discharged through 

Fig. 555. Magniflad section tbrough a fertile conceptacle of Rockweed, ahowing 
the lar^e spores in the midst of threads of oells. 566. Similar section of a sterile 
conceptacle, cantiilniDK slender antheridia. From Farlow'a " Marias ilsfie of Net 
Kngland." 
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& Bmall oriSoe whicli in each figure is at the margin of tbe page. The lai^ 
spores are formed eiglit togettier in a mother-cell. Tlie miautc motile 
filaments at the antberiiiia fertilize tbe large spores after injection into the 
water : atid then the latter proraptlj acqnira a cell-wall and germinate. 

510. The rioridesB or Rose-red series of marine Algre (which, however, 
Mre soraetimea greea or brownisli) are the most attractive to amateurs. 
The delicate Porphjra or Laver is io some countries ealen as a delicacy, and 
the eartilaginouij Choudrus crispus has 
been largel; used for jcllj. Besides their 
/^ ^(jik C-, coQceptacles, wliieh cootaiu true spores 

" (Fig. 560), thej mosllj have a fructifi- 

eatiou iu Tettaspon', that is, of spoi*ea 
originating in fours (Fig. 659). 




.^^:> 




. The Grass-green AlgK soinetimea form broad membranous fronds, 
LS those of the common U!va of tbe sea-shore, but most of them form 




either simpli 



belong almost 



Fio. 667. Bmall plant of Choqdnis criapua, or Carragaet! Mosa, rsdnced in 
bUb, In fmiti the spots represent the tructiflcalion. consisting of numerous letra- 
sporei Id bunches in the nntutuice of tlie plant. 568. Section throut;li the tliiclineai 
ine of the lobes, ina.gnifiaci, passing through two of the imbadded fmit-clusteB. 
669. Two of its tetniGpore.i (aporeB in foura), highly mnEniHal. 

'10. 660. Section through a, conceptacle of Deleaaeria Leprieunl, much magnl- 
flsd, showing the spares, which are single apeciaiized ceils, two or three Iu a row. 

Pro. 661. A piece af the rose-red Delesiaria Lepreinrei, double natural dze. 
E62. A piece cut but and much mugniHeil, showing that it is composed of a layer 
of cellii. 563. A few of the cells more iii{;hly m^niRed : the eells are gelatinou* 
snd thick- wnlled. 
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all the Presh-water Alga, such as lliose which constitnte the silky thread* 
or green slime of niuuiiig streams or slunding pools, aud wliich i 
called Coofervas before llieir immeuae diversit,¥ was known, 
formed of a suigle row of cella, developed each from the eud of nuotlier. 
Otbajs branch, the lop of one cell produoing more tlian one new one 
(Fig, 664). Others, of u kind which is very common 
in fresh water, simple ilireads made of a line of cells, 
have the chlorophyll and p ' 

ranged io spiral lines or bands. 
They form spores in « peculiar 
way, which gives to tliis famijy the 
■ coujugailng AlgK. 
613. At a certain time two par- 
allel threads approach each other 
closely ; contiguous parts of 




I 



a cell of each thread bulge or grow out, and unite when they meet; tlie 
cell-wall pnrtil ons between them are absorbed so as to open a free commu- 
nication ; the spiral band of green matter in both cells breaks up ; the whole 
of that of one cell passes over into the other ; and of the united contents 
a large green spore is formed. Soon the old cells decay, and the spore 

Fio. 664. The growing end of a branching Conferva. <C]adophor« glomerata), 
much magniHeil ; ahowing bow, by a kind of budding growth, a new ceil is fonued 
by a crou partition separating the newer tip from tlie olrler part lielow; alao, bow 

Fio. S6S. Two magnified itidividnala 
jagatiou; a completwl epure at hose; at 
are reprBaented. 

Plo. 666. Closterium acutnm, a comiDon Deiniiit, moderately magnified. It ii 
a single Hrm-wailed ctU, filled with green prol«platinie matter. 

Flo. S67. More □lagmfied view of three stagea of the cobjugatiou of a pair of 
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set free is raadj to germinate. Fi^. 565 represents several stages oE tLs 
conjugating process, wliiclij however, would never be found all together like 
this in oae pair of threads. 

513. Desmids and DiHtomes, which are microscopic oae-celled plaiits of 
the same class, conjugate in the same waj, &a is shoiru in a Closterium by 
Tig. 566, 567- Here the whole living contents of two individuals are in- 
corporated into one spore, for a fresh start. A reproduction which costs 
the life of two individuals to maie a single new one would be fatal to the 
species if there were not a provision for multiplication bj the prompt divi- 
sion of the new-formed individual iuto two, und these again into two, and 
so on in geometrical ratio. And the costly process would be meaningleaa 
if there were not some real advantage in such a fresh start, that is, in 




514. There are other Algse of tlie grass-green series which consist of 
single ceUs, but which bj continued growth form plants of considerable 
size. Three kinds of these are represented in Fig. 56S-574. 

515. Lictiens, Latin Lichenei, are to be studied in the works of the 
kte Professor Tuckerman, but s popular eipoaition is greatly needed. 
The subjoined illustrations (Pig. 575-530) may simply indicate what some 
of the commoner forms are like. The cup, or shield-shaped spot, or knob, 
which bears the buctification is named the Apothecium. This is mainly 



Pia. 563. EarlyHtsgeof aspeclesof BotiyiUuin.ngtdboBecell. S6e, 570. Stagea 
of grawtb. 571. Full-grown plant, extended and ramified below in a root-llke 
wsf. 572. A Vaucheria; single cell grown on into a mnch-bnuched thread; the 
Old of BOme braDchea anlai^g, and the green contents in one (a) there condensed 
Into a Bpors. 573. More magnified view of a, and the mature spore eaoiping. 
571. Bryopais plnmosa; ap«x of a stem with its brtnohletaf all tW ej 
one celL Variously magnified. 
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oomposed of slender ssm (Atri). having tliread-shaped cells intenniied ; 
and Ettcli ascu5 conlains few or several spores, which are ooniinoulj doable 
or treble. Moat Lichens are flat espiuisious of grajish hue ; some of them 
foliaoeous in textnre, but oever of bright green color; more are crusta- 
ceons; some are whollj pulverulent and nearlj formless. But in aeTera! 
the TegetatioQ lengthens into an axis (aa in Fig. 5S0), or imitates stem 




1 the ground in tniF 
1 the bonghs of old trees 



"■•'■ 



and branches or threads as in the Reindeer M 
northern woods and the Uanea han 
overhead. 

516. FungL For this immense and greatly diTersiBcd class it must 
here suffice to mi cate the ports of a Mushroom a SpliBeria, and of one or 
two common Moulds The true vegetation of common Fungi consists of 
alender cells which form what is called a Mi/cehitm These filamentous 

Fia. 575. A stane on which vanoua Lichens are growing snch as Ipsssing from 
left to right) a Parmelia, a 'iticta and on tlie ngl t Lecldia geograph ca bo called 
from its patches resembling the oatUne of islands or contioeats as depicted npon 
maps. 676. Flees of thallua of Pomieha conspersa, with section through lO 
apotheclom. 577 Section of s smaller apothec um eDlarged 678 Two ma 
of aame, and contained ipores and ac ompan>lng filaments more magelflsd. 
£79. Piece of thallui of a Stii,ta with section showing the Immersed apotheda; 
eaings of these dot the surface 680 Cladonla coccinea, the fTncti- 
tht icarlet knobi, whluh amrouod the cups. 
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oeQs lengtlicii and branch, growing b; tbe absorption tlirough their whole 
snrfaoe □( tbe decajing, or organizable, or liviug matter which the; feed 
upon. In a Mushroom (Agaricus), a knobby mass is at length formed, 
which develops into a stout stalk (Slifie), bearing tlie cap (Piletii) : tiie 
under aide of the cap ia covered bj ttie HpHenium, in Ibis genus consisting 
of radiating plates, the gills or Lamella i and these bear tbe powder; spores 
in immense tmnibers. Under tlte microscope, tlie gills arc found to be 
studded with projecting cells, each of which, at the top, produces four 
stalked spores. These form the powder whicb collects on a sheet of paper 
upon wliich a mature Mushroom ia allowed lo rest for a daj or two. (Fig. 
B8 1-586.) 

517. The esculent Morel, also Sphairia (Fig. 585, 58G), and many other 
Fungi bear their spores in sacs (asci) exact]; in the manner of Licbens 
(515) 




B18. Of the Mouliis, one of the commoner is the Bread-Mould (Pig. 
687). In fruiting it sends up a alender atalk, whicb beara a globular sac j 



common edibla Mnshroom. 582. Section 
of cap and stBlk." B83. Minute portion of a section of «. gill, showing some spore- 
bearing cells, innch mapiified. 684. One of thesB, with its four spores, more 



Fio, 686. Sphipria roeella. B8fi. Two of the awl and contained double epores, 
□uite like those of a Ijchen; much magnified. 
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this hursts at matarit; and discharges innunietable sporea. The blue 
Cheeae-Mould (Fig. 5SS) bears a cluster of brancbea at top, each ot 
which is a ruv of naked spores, like a string of beads, all breaking apart 
at nmturitj. Botrytis 
(Fig. 539), the frait- 
ing stalk of wbicb 
branches, and eacb 
branch is tipped with 
a spore, b one of tl)e 
many moulds which 
live and feed upon the 
juices of other plants 




.T of ani 



often very destructive. 
The extremely nume- 
rous kiuda of smut, rust, mildew, the fermenta, bacteria, and the lite, 
many of tliem very destructive to other vegetable and to animal life, are 
also low forms of the class of Fungi.' 



Fill. 567. ABcophors, the Bre^-Mould. S88. Aspergillua glaiimu, tha moold 
of cheese, but caumQn on monldf vegetable. C39. A apedes of Botrytb. All 

' The "Introduction to CryptogamouB Botany," orthirdvolunieot "The Botan- 
ical Text Book," now in preparation by the author'n cclleague, Profcaaor Fartow, 
will be tbe proper guide in the study t>[ the nowerleaa Plants, espedally of tha 
Al£» and Fun^L 



SECTION 18.] CLASSIFICATION. 



Section XVIII. CLASS rPICATION AND NOMENCLATURE. 

519. ClossiCpafion, in botany, is tlie considcnitlon of plants in respect 
to their kbds and rektionsliips. Some system of NoTneuclaturo, or nam- 
ing, is necessary fur fixing and expressing botanical ktiowledi^ so as to 
make it available. The vast mnltiplicitj of plants and the vhi'iuus degrees 
of their reliitionship imperatiTely reqoire order and system, not only as to 
namts for designating the kinds of plants, but also as to lermi for defining 
their differences. Nomeoclatare is concerned with the names of plants. 
Terminology supplies names of organs or parts, and terms to designate 
their ditferences. 

5 1. KINDS AND BELATIONSUIP. 

530, Plants and animals have two great peculiarities: 1st, they form 
themselves ; and 3d, they multiply themselves. They reproduce Ibeir kind 
in a continued succession of 

521. IndlTidnals. Mineral things occur as maaei, which are divisible 
into smaller and still smaller cues wilhout alteration of properties. But 
organic things (vegetables and animais) exist as indieidKol beingi. Each 
owes its existence tn a parent., and produces sjniiiar individuals in its turn. 
So each individual is a link of a chain ; and to tliis chaiu the nalarai- 
hiatorian applies Iho name of 

593. Species. All the desceudnnia from the same stock therefore com- 
pose one species. And it was from our observing that the several sorts of 
plants or animals strjidily reproduce themselves, or, in other words, keep 
up a succession of similar individuals, tliat tlie idea of species originated. 
There are few species, however, in which man has actually observed the 
anccessiou for many generations. It conid seldom be proved that all the 
While Pine trees or White Oaks of any forest came from the same stock. 
But observation having familiarized us wit!i the general fact that indi- 
viduals proceeding from the same stock aro essentially ulike, we infer from 
tbcir close resemblance that these similar individuals belong to the same 
species. That is, we infer it when the individuals are as mnch Hke each 
nther as those are which we know, or confidently suppose, to have sprung 
from the same stock. 

533. Identity in species is inferred from close similarity in all essential 
respects, or wiienever the differences, however considerable, aro not known 
or reasonably supposed to have been originated in tlie course of time nuder 
changed conditions. No two individuals aro exactly alike; a tcndenej to 
variation pervades all living things. In cultivation, where variations are 
looked after and cared for, very striking differences come to light; and if 
in wild nature tliey are less common or less conspicuous, it is partly be- 
cause they are uncared for. When such variant forms are pretty well 
marked they are called 



) or tliree I 
ilike uwin ' 
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53*. Varietlea. The Wliite Oak, for example, presenis 
Tarieties ia ihe sliape of llie leaves, altlitiugli they may be al! alike upon 
each particular tree. The queatiou aflca ariaea, and it is ol'feri hard lo 
ooBwer, whether the difference in a particular case ia that^ of a variety, or 
is apeciSc. li' the former, it may commonly he proved hy finding auch 
intermediate dejrrees of difference in varioua individnals aa to show that 
no clear distinction cau be drawn betweeo them ; or etae by ohseiving the 
variety to vury hack, again in aome of its offspring. The sorts of Apples, 
Pears, Potatoea, nnd tlie hke, show that differencea which are permanent 
in the individual, and continue uuchanf^d tlirough a long series of geu- 
eratioQS when propagated by division (as by ofTaeta, cuttings, grafts, 
hulba, tubers, etc.), are not hkely to be reproduced by seed. Still they 
Bomctimcs are so, and pcrbups ulwuya tend iu that directioD. For the 
fuiidameutal luw in organic uature is that offspring slinll be like pareut. 

Races are such ^lrongly marked varieties, capable of coining true to 
seed. The different sorts of 'Wheat, Maize, Peas, Itadiahe», etc., are 
faoiiliar eiamples. By selecting those individuals of a species which have 
developed or inherited any desirmhle pculiarity, keeping them from min- 
gling with their less promising brethren, and selectiog again the most 
promising plants raised from tlieir seeds, the cullivalor may in a few 
generations render almost an; variety transuiiasihle hy seed, ao long as it is 
cared for and kept apart. In fact, this is the way the cultivated domesti- 
cated races, ao useful to man, have been fixed aud preserved. Races, in 
fact, can hardly, if at all, be said to exist independeutly of man. But 
mnu diica not really produce them. Such peculiaritica — oflen surprising 
enough — now nnd then origiuate, we know not how (the plant iporli, as 
the gardeners aay); they are only preserved, propagated, aud generally 
further developed, by the cultivator's skilful care. If left alone, tbej are 
likely to dwindle and perish, or else revert to (he original form of the 
species, Vegeiable races are commonly annuals, which can be kept up 
only by seed, or herbs of which a succession of generations can be liad 
every year or two, and so the education hy selection he completed without 
great lapse of lime. But all fruit-trees coald probably be fixed into raocB 
ia an equal number of generations. 

BuD-VAKjETiEs are those which spring from buds instead of seed. 
They are uncommon to any marked extent. They are sometimes called 
SpoHa, but thb name ia equally applied to variationa among seedlings. 

CrosB'BREEDS, atrictly so-called, are the variations which come front 
crosa-fertilizing one variety of a species with another. 

Hybrids are the varieties, if they may he so called, which come from 
the crossing of species (331), Only nearly related species can ho hjbridiEedj 
and the reaulting progeny is uaually self-sterile, hut not always- Hybrid 
its, however, may often be fertilized and made prolific by the pollen 
ne or the other parent. This produces another kind of crosa-breeds. 
2S. Species are the aaitB in classification. Varieties, although oF J 
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almost importance in cultivstioa and of considerable conseqnence tti tlie 
flora of anj countrj', are of less botanical significance. For tbej are apt 
to be indefinite and to sliade off one form ioto anolber. But species, the 
botanist erpectt to be distinct, ludeed, the practical difference to tbe 
boiatmt between species aiid varieties is tbe definite limitation of tbe one 
and the indefioiteness of tlie ottier. Tbe tiotanlst's determination is parti; 
a matter of observatiou, partly of judgment. 

536. Ill an enlarged view, vaiieties may be incipient species ; and nearly 
related species probably came from a common stock in earlier times. For 
there is every reason to believe that existing vegetation came from the 
more or less changed vegetation of a pi-eceding geological era. However 
Ibat may he, species are regarded ns permanent and essentially unchanged 
in their auccession of individuals through the actual ages. 

527'. There aic, at nearly tbe lowest computation, as many as one hun- 
dred thousand species of pbaueroganious plants, and tbe cryptoganioug 
specif are thought to be still more numerous. They are all connected by 
reseifblauces or rchitiouships, near and remote, which show that they are 
all parts of one aystetii, realiealious iu nature, as we may affirm, of tbe con- 
ceptioa'df One Mind. As we survey tliEm, they do not form a siugle and 
connected cliain, stretching from the lowest to the highest organized 
species, tiltbougli there obviously are lower end higher grades. £ut the 
species througliout groop themselves, as it were, intn clusters or constel' 
lations, end these into still more comprehensive clusters, and so on, with 
gaps between. It is this clustering which is the ground of the recognition 
of kinds of species, that is, of groups of species of successive grades or 
degree of generality ; such as tbat of similar species into Genera, of gensra 
into Familiw or Orders, of orders into Clauses. In classification the se- 
quence, proceeding from higher or more general to lower or special, is always 
Class. Oudeh, GEnrs, Species, Variety (if need be). 

53S. Genera (in the siiignkr. Genus) are assemblages of closely related 
species, iu whicli tbe essentuil parts are all constructed on tbe same partic- 
ular type or plan. Wliite Oiik, Red Oak, Scarlet Oak, Live Oak, etc., 
are so many species of tbe Oak genus (Latin, l^ercui). The Cliesluut!. 
compose another genus ; the Beeches anotlier. The Apple, Pear, and 
Crab are species of one genua, the Qnince represents another, tbe various 
apecies of Hawthorn a third. Ili tlie animal kingdom Ihe common cat, tlie 
wild-cat, tbe panther, the tiger, the leopard, and tbe lion are species of the 
cat kind or genus ; wliilc the dog, tlie jackal, the different species of wolf, 
and the foies, compose another genus. Some genera are represented bj 
a vast number of apecies, others by few, very many by only one known 
species. For the genus may be as perfectly represented in one species as 
in several, altbougli, if this were the case throughout, genera and species 
would of course be identical. The Beech genus and the Chestnut genus 
would be just as distinct from tbe Oak genus even if but one Beech and 
one Chestnut were known ; as indeed u 
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689. Orders are groups of genen thftt resemble each otlier; 
the; are to geoem what genera are to species. A^ familiar illustrations, 
the Oak, Chcst^iut, and S<!ech genera, aloug with the Huzel genus and ttie 
Hornbeams, ail belong to one order. The Birches and the Aiders niake 
another; the Poplars aud Willows, another; the Walnuts (with Ihe Eut- 
terout) and tlie Hickories, still another. The Apple geuuB, the Quince 
aiid the Ilawtliorus, along with tiie Ploma and Cherries aud the Peach, 
the Rasplierrj with ihe Blackberry, tlie Strawberry, the Rose, bel6cg 
lo a large order, which lakes its name from tlie Rose. Most botanists 
use the names "Order" and "Familj" svnonjmousjj ; the latter more 
popularly, aa "the Rose Familj," the former more technicallj, as 
"Order Roiacet." 

530. But when the two are distinguished, as is common in z^ogj. 
Family is of lower grade than Order. • 

631. Classes are still more comprehensive assemblages, or great gfonpa. 
Thus, iu modem botany, the Dicotyledonous phuits eompoae onetclaas, 
the Mouocoty led nous plants another (36-40). *) 

5'i2. These four grades. Class, Order, Genus, Species, are of uiiiiereal 
nse. Variety conies in upon occasion. For, although a species dlajliBTe 
no recogniited varieties, a genus implies at least one species helougi^ ts 
it ; every genus is of some order, and every order of some class. 

633. But these grades bj no means exhaust the resources of clas- 
sification, nor suffice for the elucidation of all the distinctions which 
botanists recognize. In the Srst place, a higher grade than that of chus 
is needful for the most compi-ebenslve of divisions, that of aU plants into 
the two Series of Phanerogamous and Cryptogamous (6) ; and in natu- 
ral history there are the two Kiiigdoms or Realiiis, the Vepef*ble and 
the Animal. 

531. Moreover, the stages of the scuffolding have been variously ex- 
tended, aa required, by the reci^nition of assemblages lower than class but 
higher thiin order, viz. Subclass and Cohort ; or lower than order, a Sub- 
oriUr; or between this and genus, a Tribe ; or between this and tribe, a 
Subiribe ; or between genus and species, a Subgenus; and by some a 
species baa been divided into Subspecies, and a variety into Subvariefigi. 
Last of all are Indisiduals. Suffice it to remember that tlje following are 
the principal grades in classification, with the proper serjuencej also that 
only those here printed In small capitals are fundamental and universal 

&£K1ES, 

Cuss, Subclass, Cohort, 

Ordeb, or Fakily, Suborder, Tribe, Sabtrtne, 
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{ 2. NAMES, TEBM3, AND CHARACTERS. 

B35. The name of a pkot is tLe aame of its genus followed by that of 
the species. The name of the genus answers to tlie surname (or fenulj 
name) ; that of the species to the baplismal name of a person. Thus Qiier- 
cKi is the name of the Oak genus; Qiternii alia, that of the White Oak, 
Q. nbra, that of Bed fi^k, Q. nigra, that of tlje £luck-Jack, etc. Botani- 
cal nac^ being Latin or 
comes iffter that of tlie gf 

536, Names of Glenera. ire of one word, a substantive. The older 
i mostly classical Lalin, or Greek adopted into Laliu; such as 

II for tlie Oak genus, Fagiis for the Beeeli, CorylKs, the Hazel, and 

■e genera became known, botanista had new names to 

r borrow. Man^oe^nied from some appearance or property of 

wers, leaves, o^HJi^r^Tts of the plant. To take a few eiLamples 

_ __i.i Wa-l. '"»»^- malof tlieBotanj of the Northern United 

f the ge aWBUepalica^m lies fcotn the shape of the leaf, resemblicg 
B liver. ^jwcMCHj/ means mouse-tail. Delphimuin is from del- 
B dolphin, awiiialludes to the shape of tlie flower, which was thought 
"jpble tlie classical figures of the dolphin. Xanlhorrki^a is from two 
>Tords meaning yellow-root, tlie common name of the plant. CSmi- 
9 formed of two Latin words meaning to drive away bugs, i. e. 
^ane, the Siberian species being osed to keep away such vermin. 
Saitguinaria, tlie Bloodroot, is named from the btood-like color of its juice. 
O^er genera ardijledicated to distingubhed botanists or promoters of 
science, and bear uielr names: such are Magaoiiu, wliicii commemorates 
the early French botanist, Magnol ; and Jfffersonia, named after President 
Jefferson, wlio sent the first exploring eipeditioii over the Rocky Moun- 
tains. Others bear the name of the discoverer of tbe plaQt; as, Sarra- 
ceitia, dedicated to Dr. SarraEin, of Quebec, who was one of the first lo 
send the common Pitcher-plant to the botanists of Europe ; and Claylonia, 
first made known hy the early Virginian botanist Clayton. 

537. Names of Si>ecieB. The name of n species is also a single word, 
appended to that of the genus. It is commonly an adjective, and therefore 
agrees witii tbe generic name in case, gender, etc. Sometimes it relates to 
the country the »p6cies inhabits ; as, Ckytonia Virginisa, first made known 
from Virginia ; Sanguinaria Canadensis, from Canada, etc. More com- 
monly it denotes some obvious or characteristic trait of the species; as, 
for example, in Sarracenia, our northern species is named purpurea, from 
the purple blosaoms, while a more southern one is named fasa, because 
its petals are yellow ; the species of Jeffersonia is called diphylla, meaning 
two-leaved, because its leaf is divided into two leaflets. Some species are 
named after the discoverer, or in compliment to a botanist wbo has mada 

I, Magnolia fVaj^rt, named after tbe botanist Praser,c 
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of the Srst lo fliid this species ; and Sarracecia Drumnandu, for a Pitcher- 
plant found bj hlr. Di'uuimoud iu FloriJa. Such ))ersoaal specific nmues 
are of course wriileu with a capital initial letter. Occuaiuuall; some old 
BubstautiTe oanie is used for tbo species ; as Magnolia Umbrella^ the IJni- 
brella ttee, aud Kauuiiculus Flamtfinia. These are also i^tleii with a 
capital iiiiiial, and ueed not accord with the geaeric name in gender. Geo- 
graphical specific names, such as CaHadensii, Caraiiniaaa, Amerieaiu, in 



iuiiial, t^ the older 
fbii orthogmd^. 
T made on tnffplan of 
r, Ranuncnl^ Fiam- 
thut. 



the later usage are bj sonie vritlen without 
usage b better, or at least more accordant with 

538. VarietaJ Names, when anj are retjuirsd, 
specific names, anil fullow these, with the ^ijcfix , 
mula, var, rtiptant, the creeping Tarielj : R. aborticus, var. fnir. 
the small-fiowercd variety of llie species. ,. ^ 

539. In recording the name of a plant it ■is usual to append th 
or an abbreviation of the name, of the bota naHM bp fir? t pubbsbed 
in a flora or other systematic work, this JVei^^k to tlie 
name is completed bj a further citation pfTflie.^fcje of thffi 
volume and page where it was first publ^ed. . ^k' Runa/K^ 
L.," means that this Buttercup was first s^l^medjm ( 
usus ; " B. mul/i^ut, Fursh," Ihut tills spe^s was|pD 
bsbed bj Pursh. The suffix is no part of the .name, Imt ... 
reference, to be added or omitted as conreoieDce or ^Gnit^ncssj 
quire- Tlie autlinritj fur a generic name is siniilarlj recorded. 
" Bamineiilai, L,," menns that the genus was so named b; Lim 
" Myoiuriu, Dill.," that the Mouse-tail was established 
this uame bj Dillenius; Caulopiyllum, Miebx., that 
published under this name b; Michaui. The full c 
named instance would be, "in Flora Boreali-AmericaiS 
page," — in the customary abbreviation, "Micbi. FPjfflQa." 

510. Names of Orders are given in the plural "Di^oeT, and are com- 
monly formed by prolunging the name of a geuua of the group taken as a 
representative of it. For example, the order of which the Buttercup or 
Crowfoot genus, Ranuaciiliu, is the representative, takes from it the name 
of RaMHHrulaeeir ; meaning Flania Ranmicalaeeir when written out in 
full, that is, Ranunculaceous Plants. Some old descriptive names of 
orders are kept up, such as Cmnjeris for the order to which Creas and 
Mustard belong, from the cruciform appearance of their expanded corolla, 
and Umbfltifrrrr, from the flowers being iu umbels. 

511. Names of Tribes, also of suborders, subtribes, and the like, are 
plurals of the uame of the typical genus, less prolonged, usually in sa, 
ineit, idea, etc. Thus the proper Buttercup tribe is Ranuneulea, of the 
Clematis tribe, Clematidea. While the Rose family is Rosacea, the special 
Rose tribe is Sesetp. 

542. Names of Classes, etc. For these see the following synopsis of 
iLe actual classification adopted, p. ISS. 
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543. Bo a plant is named ia two words, the generic and the specific 
names, to whiclj maj be added a third, tbat of tlic variety, upon occasion, 
Tlie generic name is peculiar: obviously it must not be used twice over iu 
iff bA specific name must not be used twice over in llie same genua, 
^iny utlier genus. A Quereus alba, or White Oak, is no 
liiiidiau«e.(t Betula alba, ur White Birch ; and so of other names. 

54J|4GlftTacters and Descriptions. Planls are characterized b; a 
terse JtStamenh, in botanical terms, ol' their peculiarities or diatinguishiug; 
marks, 'nje cliaracter of the order should include nothing which is com- 
mon to the whole class it belongs to ; that of the genus, nothing which is 
oominoii' to the order ; that of the species nothing which is stiared with 
all other species of the genus; and so of other divisions. Deieripiioiu 
may Witer into complete details of tlie whole structure. 

S}|.K'erniinolog7, also called Glossoloi/y, is nomenclature applied to 
orgailb^.oF pnrts, atid iljeir forms or iiiodiQcatious. Each organ or special 
part lias a substantive name of its own : shapes and other noditicutioua of 
an organ or part are designated bj adjective terms, or, when the forms 
are peculiar, substantive names are given to them. Bj the correct use 
of sucb botanical terms, and bj proper subordination of the characters 
under the order, genus, species, etc., plants maj be described and deter- 
mined with much precision. The classical language of botany is Latin, 
While modern languages have their own names and terms, these usually 
lack the precision of the Latin or Latinized botanical terminology. For- 
tunately, this Latinized teriuiaology has been largely aijopted and incor- 
porated into the English technical language of botany, thus securing pre- 
cision. And these terms are largely the basis of apeeiSc names of plants, 

546. A glossary or vocabulary of the principal botanical terms used in 
phanerogamous and vascular crjptogamoua botany is appended to this 
Tolume, to which the student may refer, as o 



I 3. SYSTEM. 

547. Two systems of classification used to be reoogoized in botany, ^ the 
artificial and the natural ; but only the latter is now thought to deserve 
the name of a system. 

543. Artificial classifications have for object merely the ascertaining 
of the name and place of a plant. They do not attempt to express relation- 
ships, but serve as a kmd of dictionary. They distribute the genera and 
species accordiiig to some one peculiarity or set of peculiarities (just as a 
dictionary distributes words according to Iheir first letters), disregarding 
all other considerations. At present an artificial classification in botany 
is needed only as a key to the natural orders, — as an aid iu referring an 
tmknown plant to its proper family ; and such keys are still very needful, 
at least for the beginner, Pormerly, when tlie orders themselves were 
not clearly made out, an artificial classification was required to lead the 
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etudonl down to tiie genus. Two hucIi olaasificationa u 
First, tbat of Touraefort, foundeJ moinl; uu tlie leaves of the flower, tbe 
enlyi and corolla : this was the prevalent systeoi throngbont the first half 
of the eighteenth century ; but it has toog siuCB gone bj. It wfis sua- 
oeeded bj the well-known 

549. Artifioial S3rstem of Llnneens, whicb was founded on the sta- 
mens and pistils. It cousisls of twentj-fonr cluases, and of a variable 
number of orders; the classes founded moinlj on the number and dispo- 
sition of the stamens ; the orders parti; upon the number of styles or stig- 
mas, partly upon other eonsiderations. Useful and popular as this system 
was down to a time within tlie memory of still surviving botanists, it is 
now completely obsolete. But the tradition of it survives in the nanieo of 
ita classes, Monandria, Diandria, Triandria, etc., wbioh are familiar in 
terminology in the adjective terms Dionaudrous, diandrons, triandrJbs, eto. 
(284) ; also of the orders, Monogynia, Digjoia, Trigynin, etc., preserved in 
the form of monogynous, digyuous, trigyitous, etc. (ilOl); and in the came 
Cryptogamia, tliat of the 24th class, wbicb is continued for the lower series 
in the natural classiScatioa. 

GSO. Natural SjstfinL A. genniue system of botany consists of the 
orders or families, duly arranged under their classes, and baving the tribes, 
the genera, and the species anuiiged in them according to their relation- 
ships. This, when properly carried out, is the Natural Syslan; because 
it is intended to express, as well as possible, the various degrees of relation- 
ship among plants, as presented in nature ; that is, t« rank those species 
and those genera, etc., next to each other in the classification which are 
really most afike in all respects, or, in other words, whicli are constructed 
most nearly on the same particular plan. 

Sal. There can be only one natural system of botany, if by this term 
is meant the plan according to which the vegetable creation was called into 
being, with all its grades and diversities among the species, as well of past 
as lof the present time. But there may be many natural systems, if we 
mean the attempts of men to interpret and eipress that plan, — systems 
which will vary will) advancing knowledge, and with the judgment and 
sltill of different botanists. These must all be very imperfect, bear the 
impress of individual minds, and be sliaped by the current philosophy of 
the age. But the endeavor always is to make the classification answer to 
Nature, as for as any system can which has to be expressed in a definite 
and serial arrangement. 

552. So, although the classes, orders, genera, etc., are natural, or as 
natural as the sysfematist can make them, their grouping or order of 
arrangement in a hook, must necessarily be in great measure artificial. 
Indeed, it is qnife impossible to arrange the orders, or even the few classes, 
in a single series, and yet have eacb group stand nest to its nearest relatives 

553. Especially it should be understood that, although phanerogamous 



plunta are of higher grade than crjptogarnoua, and angiospertnous or or- 
dinary phanerogam QUB higher than the gymnoapermous, yet there ia no 
enlmiimtion iu tlje vegetable kingdom, nor any bigkeat or lowest order of 
phanerogamous plants, 

554. The particular system most largely used at present in the clossi- 
ficatioii of the orders is essentially the following : — 

SBaiKS I. PHAKEBOGAMIA: pHANEBOGlllOtraORrLOWBBINGPLiNTB. 

Class I. DICOTYLEDONES ANGIOSPERMEA caUed for ahortnesa 
in Euglisii, Dicotyledoss or Dicoiyls. Ovules in a closed ovary. 
Embryo dicotyledonous. Stem with eiogenous plan of growth. Leaves 
reticulate-veined, 

Artyiciai Division I. Polypbtal*, with petals mostly present and 

distinct. Orders about 80 in number, Banvneslaeeie lo CarnaceiE. 
Arti^cial Diviaioa II. Ga»opbtal«, with gamopetalous corolla. 

Orders about 45, Caprifoliacem to Planlaffinace/f. 
ArCificial BivUioii III. AyETAt,*! or Incomplei*, with perianth, 
when present, of calyi only. Orders about 35 in number, from 
Ngciaginacsx to Salicace/e. 
Class II. DICOTYLEDONES GYMNOSPERMEJi;, in English Gym- 
1J0SPEB.MS. No ovary or pericarp, but ovules and aeeds naked, and no 
proper calys nor corolla. Embryo dicotyledonous or poljcotyledonoua. 
Stem with exogenous plan of growth. Leaves mostly parallel-veined. 
CoDsista of order Qnxiacea, which strictly cozmeeta with Angiospermoua 
Diootjls, of Conifers, and of Ci/mdacea. 
Clahs in. MONOCOTYLEDONES, in EngUsh Mono cot ylebons or 
MoNOCOTYLS. Angiospermoua. Embryo monocotjledonoua. Stem with 
endogenous plan of growth. Leaves mostly parallel- veined. 
Division I. Pbtaloi1)E«. Perianth couiplete, having the equivalent 
of both calyx and corolla, and all the inner series corulline. About 
IB orders. 
Diviaion II. CALYcra«. Perianth complete (in two series) but not 
eorolline, mostly ILickish or glumaceous. Chiefly two orders, 
Juiteaeeie, the true Rushes, and Palmrs, Palms. 
DiBtiion m. SrADlcjrLOR* or Nociflok/E. Perianth none, or rudi- 
mentary and incomplete : inflorescence spadioeous. Of five orders, 
Tgpkaee^ and Aroidea the principal. 
Diviiioit IV. Glumacb.*. Perianth none, or very rudimentary : 
glttraaceotts bracts to the Bowers. Orders mainly Q/peraeeiB and 
Qramine^. 
8£Rizs II. CRYPTOG.OIIA : Oeyptooamocb oa Flowerlesb Plabts . 
Clam I. PTERIDOPHYTA, PrEaiDOFHTTBa (484). 
Class II. BRYOPHYTA, Bryophttes (198). 
Ci^s in. THALLOPHYTA, Thallophytes (503). 
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Section XIX. BOTANICAL WOEK. 

655. Some.hints aad brief instructions for the collection, examinatitm, 
and preserration of specimens are added. Tbe; ore especially iotemled 
for the assistance of those wlio have not the advantage of a teacher. They 
appl; to phaneragamoua plants and Ferua onl;, and to systematic botany.' 

S 1. COLLECTION. OR HERBORIZATION, 

556. As much as possible, plants should be examined in the living state, 
or when freslily galhered. But dried specimens should be prepared for 
more leisurely eiaminalion and for compariaoa. To the working botanist 
good dried specimens are indispensable. 

557. Botanical Specimens, to be complete, should have root or irDot- 
stock, Bt«m, lea,ves, flowers, both open and iu bud, and frait. Some- 
times these maj all be obtained at one gathering ; more commonly two or 
three gatherings at ditferent times are requisite, especially for trees and 

558. In Herborizing, a good knife and a narrow and strong trowel are 
needed ; but a very strong knife will serve iustead of a trowel or small pick 
for digging out bulbs, tubers, and the like. To carry the apecimens, either 
the tin box {natcutua) or a portfolio, or both are required. The tin box is 
best for the collection of specimens to be used fresh, as in the class-room; 
also for very thick or lieshj plants. The portfolio is iudispenaable for long 
expeditious, aud is best for specimens which are to be preserved io the 
herbarium. 

659. The Vascalum, or Botaskal CoiUeting-box, is made of tin, in shape 
likcacandie-bos, oiily flatter, or the smaller sizes like an English snndwich- 
caae ; the lid opening for nearly the whole length of one side of the box. 
Any portable tin box of convenient size, and capable of holding specimena 
a foot or fifteen inches long, will answer the purpose. The box should sbnt 
close, so thit the specimens may not wilt ; then it will keep leafy branches 
and most flowers perfectly fresh for a day or two, especially if slightly 
moistened. They should not be wet, 

560. The Portfolio ia best made of two pieces of solid binder's-board, 
covered with enamel cloth, nhicli also forms the back, aud fastened by 
straps and buckles. It may be from a foot to twenty inches long, &am 
nine to eleven or twelve inches wide. It shonld coutaiu a needful quantity 
of smooth but strong and pliable paper (thin so-called Manilla paper is 
best), either tiGtened uL the back as in a book, or loose in folded sbeeta 
when not very many specimens are required. As soon as gathered, the 
specimetis should be separately laid between the leavei) or in the folded 
sheets, aud kept under moderate pressure ia the closed portfolio. 
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661. Of amall herbs, especiull; annuals, tbe whole plant, root Bud all, 
BliDuld be taken for a specimen. Of larger ones brajicliea will suffice, with 
BoiDe leaves from near tlie root. Enougli of the root or sabtemncan part 
of the plant should be collcelcd to show whether it is an annual, a 
biennial, or a perennial. Thiek roots, bulbs, tubers, or branches of speci- 
mens intended to be pressed should be thinned with a knife, or cut ioto 
slices. Keep the specimens witliiii tlie leugili of fifteen or sixteen iuches, 
bj folding, or when that cannot be done, bj cutting into lengths. 

562. For Drying Specimens a good supply of soft nnd unsized 
paper is wanted; and some convenient means of applying considerable 
pressure. To make good dried botanical specimeiiB, dry them as rapidly 
as possible between many thicknesses of sun-dried paper to absorb their 
moisture, under as much pressure as ciiu be given without crushing the 
more delicate parts. This pi'essure may be had by a botanical press, of 
which various forms have been contrived ; or by weights placed upon a 
boaril, — from forty to eighlj or a hundred pounds, according to the 
quantity of specimens drying ut the time. For use while travelling, a 
good portable press may be niiuie of thick binders' boards for the sides, 
and the pressure may be applied by strong straps witli buckles. Still 
better, on some accounts, are portable presses made of wire network, 
which allow the dampness to escape by evaporation between ibe meslies. 
, Tor hcrborization in a small way, a light wire-press oaj be taken into 
the field and made to serve also as n portfolio- 

B63. It is well to have two kinds of paper, namely, driers of bibulous 
paper, stitched into pads (or t)ie pads may be of thick carpet-paper, cut to 
size} and thb smooth paper, folded once ; the specimens to be laid into the 
fold, either when gathered or on returning from the excursion. These 
sheets are to hold the specimens until they are quite dry. Every day, cr 
at first even twice a day, the specimens, left undisturbed in their sheets, 
are to be shifted into flre-dried or son-dried fresh driers, and the pressure 
renewed, while tbe moist sheets nre spread out to dry, so as to take their 
turn again at the next shifting. This course must be continued until the 
specimens are no longer moist to the touch. Good and comely specimens 
are either made or spoiled within the flrst twenty-four or tbirty-sii hours. 
After that, when plenty of driers are used, it may not be necessary to 
change them so frequently. 

664. Snceulent plants, which long refuse to part with life and moisture, 
and Spruces and'some other evergreens which are apt to cast off their 
leaves, may be plunged for a moment into boiling water, all but the flowers. 
Delicate flowers may be encased in thin tissue paper when put into the press. 
Thick parts, like the heads of Sun-floweis and Thistles, may be cut in two 
or into slices. 

G65. Dried specimens may be packed in bundles, either in folded papei 
or upon sbgle half-flheets. It is better that such paper should not be 
bibulous. The packages should be well wrapped or kept in close cases. 
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9 necessarj if specimens are to be permanentlj pre- 
served from the depredation of inaecta. Tlie usual applicatiou is an almost 
saturated solunou of oorrouive Bublimate in 95 per cent alcohol, freely ap- 
plied vith a large and soft brush, or the specimens dipped into some of the 
solution poured into a large and flat disb; tbe wett«d specimens to be 
transferred for s short time to driers. 



S 2. HBRBARIDM. 

567. The botanist's coLlectiou of dried specimens, tjcketed trith their 
names, place, and time of collection, and systematica II; arranged under 
their genera, orders, etc., forms a Horiut SiccM or RerbaHum. It com. 
prises not only the specimens which the proprietor has bimself oollect«d, 
but those which he acquires througli friendly exchanges, or in other ways. 
Tbe specimens of an herbariam may be kept in folded sheets of paper; 
or they may he fastened on half-sbeets of thick and white paper, either 
by gummed alips, or by glue applied to the specimens themselves. The 
former is beat for private and small herbaria; the latter for large unea 
which arc much turned over. Each sbeet should be appropriated to one 
Rpecies; two or more different plants sl)ouId never be attached to the same 
sbeet> The generic and apeclGc name of tbe plant should be added to 
the lower right-hand corner, eil^her written on the sheet, or on a ticket 
pasted down ; and the time of collection, tbe locality, the color of the 
flowers, and any other iaformatioii winch the specimen!) tbemselves do 
not afford, should be daly recorded upon tbe sheet or the ticket. The 
sheeta of the herbariam should ilII be of exactly the same dimensiona. 
The herbarium of Linnieus is on paper of the common foobcap siie, about 
eleven inches long and sevea wide. This is too small. Sixteen and three 
eighths inches by eleven sTid a. half iachcs is an approved size. 

558. The sheets containing the species of each genus are to be placed 
\a geiuu-eotmri, made of a full sheet of thick paper (sucb as the strong- 
est Mamlla-bemp ]>aper). to be when folded of the same dimensiotis as the 
species-sheet but sliglilly wider : the name of tbe genus is to be writ- 
ten on one »f the lower coruers. These are to be arranged under the 
orders to which tiiey belong, and the whole kept in cl< 
nets, either laid flat in compartments, like " pigeon-holes." or else placed 
in thick portfolios, arranged like folio volumes. All should be kept, aa 
much us practicable, in dust-proof and insect-proof cases or boxes. 

560. Fruits, tubers, and other hard parts, too thick for tlie herbarium, 
may be kept in pasteboard or light wooden boxes, in a coJlecliou apart. 
Small loose fruits, seeds, detached flowers, and the like may be c 
iently preserved in paper capsules or envelopes, attached to the herbariura- 
■hefts. 





5 3. INVESTIGATION AND DBTERMINATION OF PLANTS. 

670. Tha Implements reqaircd are a. haad mBgnifyiitg ghsa, a, pocket 
loii3 of an inch cr two focus, or a glasa of two lenses, one of the lower 
and the other of the higher power; and a sharp penknife for disaedion. 
Witli these and reasonable perseverance the structure of the flowers and 
frttctificatiou of most phanerogamous plants and Ferns can be made out. 
But for ease and comfort, as well as for certainty and rigiit training, the 
student should have some kind of simple stage microscope, and under 
this make all dissections of small parls. Without it the student will be 
apt to fall into the bad babit of guessing where he ought to ascertain. 

671. The simple niicrosco]ie maj be reduced to a good lens or doublet, 
of an inch focus, mouatad over a glass acage, so that it can be moved up 
and down and also sidewise, and with (or without) a little mirror under- 
neatli. A better one would have oue or two additional lenaes (saj of half 
and of a quarter inch focus), a pretty large stage, on the glass of which 
several small objects can be placed and conveniently brought under the 
lens; and its height or that of the lens should be adjustable by a rack- 
work ; also a swivel-mounted little mirror beneath, which is needed for 
minute objects to be viewed by transmitted light. 

57S. For dissecting and displaying small pacts on the stage of the 
microscope, besides a thin-bladed knife, the only tools needed are a good 
stock of common needles of various sizes, mounted in handles, and c 
more saddler's -needles, which, being triangular, may be ground to sharp 
edges convenient for diasection. Also a pair of delicate-pointed forceps 
those with curved points used by the dentist are most convenient. A 
cup of clean water is indispensable, with which to moisten or wet, o, 
in which occasionally to float delicate parts. Small flowers, bads, fruits, 
and seeds of dried specimens can ly dissected qnite aa well as fresh 
"Tney have only to be soaked in warm or boiling water. 
' 573. The compound microscope is rarely necessary eicept in crypto- 
gamic botany and vegetable anatomy ; but it is very uaefal and convenient, 
especially for the examination of pollen. To the advanced botanist it is a 
necessity, to all students of botany an aid and delight. 

574. Analysis, A few directions and hints may be given. Tbe most 
important Is this : In studying an nnknown plant, make a complete ex- 
aminatioQ of all its parts, and form a clear idea of its floral structure 
and that of its fruit, from pericarp down to the embryo, or as far as the 
materials in hand allow, before taking a step toward riuding out its name 
and relationship by means of the keys or other helps whicli the Manuals 
and Floras provide. If it is the name merely that is wanted, the shorter 
way is to ask some one who already knows it. To verify the points of 
structure one by one as they happen to occur in an artificial key, without 
any preparatory investigation, is a asnal but is not the best nor tbe surest 
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way. It ia well lo m&ke drawings or outline sketches of ihe smaller parla, 
and especiull; diagrnins of tbe plau of tbe flower, sucli as those of Fig. 
!35, 8S7, 341, 244, 875-277. For tLeae, cross seGtiooa of tlie 9ower-bud 
or flotrer are to be auuic : and longitudiiud sections, such as Fig. £70-274, 
are equall; important. The dissection evea of stuall seeds is uot difficult 
after aume practice. Conimoul; tliej need to be soaked or boiled. 

67o. Tbe right uppreciuliou of characters aud terms used in descriptioa 
needs practice and calls for judgment. Plants do not grow ciact); bj 
rale and plmiimet, and measurements must be taken looselj. Difference 
of soil and sttuatioo are responded to b; considerable variations, and otbcr 
divergences occur which caiiuoi be accounted for by the surroundings, nor 
be anticipated In general descriptions. Annuals niaj be very depauperata 
in dry soils or seasons, or verf lui^e nh?n particularly well nourished. 
Warm and arid situations promote, and wet ones are apt to dimiulsh pubes- 
cence. Salt water causes increased succulence. The color of flowers is 
apt to be lighter in Elmde, aud brigliler in open aud elevated situations, 
A color or hue not normal to tbe species now nnd tbon occurs, which 
notliing in tbe conditions will accouot for. A tehilf-JloioeTed tanation of 
tmy other colored biwaom maj ataay) be expeHed ; this, though it may bs 
notable, uo nmrc itidicates a distinct variety of tlio species than an albino 
would B variety of the liuman species. The numerical plan is subject to 
variation in aotne flowers ; those on tbe plan of five may now and then vary 
to four or to six. Variations of the outline or lohing of leaves are so familiar 
that they do not much mislead. Only wider aud longer observation suf- 
fices to prevent or correct mistakes in botanical study. But the weighing 
of evidence and tbe balancing of probabilities, no less than tbe use of the 
well-ordered and logical system of classification, give as excellent training 
to the judgment as the search for the facis themselves does to the observing 
powers. 

S4. SIGNS AND ABBREVIATIONS. 

576. For a full account of these, whether of former or actual use, sea 
" Structural Botany " of the " Botanical Text Book," pp. 367, 393, as also 
for the principles which govern the accentuation of names. It is needful 
here to explain only those used in the Manuals and Floras of this country, 
for which the present volume is an introduction and companion. The; 

5?7. In arranging the species, at least those of a large genus, the divi*' 
sions are denoted and graduated as follows ; The sign \ is prefixed \a sec- 
tions of the highest rank : these sections when they have names affixed to 
them (as Phitncs 5 Cesasus) may be called subgenera. When the divi- 
sions of a genus are not of such importance, or when divis 
■nniJer the subgenus itself, the most comprehensive ones are marked by 
terisks, * for the first, * * for the second, and so on. SabdivisioDa sra 
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marked with & prefixed ^- ; those under this head with ++ ; and tliosK 
under this with =, if there be so many grades. A aimiiar notation is fol- 
lowed in the synopsis of the genera of au order. 

578. The interrogation point is used m botanj to indicate doubt. Thus 
Clemalit erispa, L.7 expresses a doubt whether the plant in question is 
really the Gieaalu erispa of Linweus. Clematis f polypetala expresaes 
a doubt whether the plant so named is reallj a Clematis. On the other 
hand the exclamation point (I) is used to denote oertaintj whenever there 
is Bpecial need to affirm tbis. 

579. For size or heiglit, the common signs of degrees, minutes, and 
seconds, have been used, thus, 1°, 3', 3", stand respectiyelj for a foot, 
two inches, aud three lines or twelftiis of an inch. A better way, when 
such brevity is needed, is to write 1*. 3''. 3'. 

580. Signs for duration used by Linnteus were © for an annual, J for 
a biennial, JJ for a. perennial herb, 5 for a shrub or tree. DeCandolle 
brought in O for a plant that died after once flowering, (J) if annuul, (2) 
if bienniid- 

581. To indicate sexes, J means staminale or male plant or blossom; 
9 , pistillate or female ; S , perfect or hermaphrodite. 

583. To save room it ia not uncommon to use CO in place of "many ;" thus, 
" Stamens oo," for stamens indefinitely numerous ^ "cofiora"forpluriflor» 
or many-flowered. Still more common is tlie form " Stamens 6-30," or 
"Calyx t-5-parted," for stamens from five to twenty, calyx four-parted or 
fire-parted, and the like. Such abbreviations hardly need explanation. 

583. The same maybe said of such abbreviations as Cat. for calyx. 
Cor. for corolla. Pet. for petals, St. for stamens. Fist, for pistil, Hab. for 
habitat, meaning place of growtli, Herb, for herbarinm, Hort. for garden. 
Also /. e., loco citato, which avoids repetition of volume and page. 

584. "Structural Botany " has six pages of abbreviations of the names 
of botanists, mostly of botanical authors. As they are not of much 
consequence to the beginner, while the more advanced botanist will know 
the names in full, oc know where to find tbcm, only a selection is bere 
appended. 
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ABBEEVIATIONS OF THE NAMES OF BOTANI8T8. J 


Jidanl. = AdaDaoB. 


Gmet. => Gmelin. 


J,l. Allan. 




Ml. Allioni. 


(?r«F. GreviUB. 


J»dr. Andrews. 


GrUnb. QriHbach. 


jlrn. Arnott. 


'^"'-' Uronovi-.. 


jIm6. Aublet. 


GroJioi'. 1 


flortr. Bartram. 


fla«. HaUET. 


Seauv. Falisut Ae fienuvoia. 


ffort«. Hartmann. 


£«.«. Bentham, 


Hartvi. Hartweg. 


Bimh. Bernhardi. 


Hare. Hairey. 


Siffei. Jacob BigiJo", 


BaiB. Hawortll. 


5o-^. BoDgBTd. 




Banpi. Bonpland. 


Hem>!. Hemale?. 


Br. or R. Br. Hobcrt Broirn. 


Herb. Herbert. 


(Tui. CsBsini. 


Hofm. Hofinann. 


OiB. Ca^anilla. 




CH«>. CbamitBO. 


Hook. Hookar. 


Chapm. Chapman. 


ffoot./. J. D. Hookw. 


CAfi'f. Chois;. 


H'ar««n. Homemann. 


C/oy(. CUTton. 


Hu(U. Hudson. 


Curt. Curtii. 


ffuni. Humboldt. [Eontlw 


Cifrt.(Jf.^,)M. A. Cttrtii. 


HBK. Humboldt, Bonpland. and 


Jlarl. Darlington. 


J^cq. Jacquin. 


J.'Li. !"="■■"- 


Jacq.f. J. F. Jacquin. 
J^,. Jussieu. 


,*. DC. Alphonae DeCandoU-. 


.^. /km. Adrien da Juiaien. 


fl-je. DescoQrtili. 


KU. Kitaibd. 


Derf. Desfontainea. 




Dttr. DesTaoi. 


Z*ii//. ' LabiUaidiert. 


J)i«. DiUenim. 


Lag. Lagaaca. _ 


Dougl. Douglas. 


Lam. t^arek. ^^H 


i)i>Aa». Duhamel. 


£«ffej. Ledebonr. ^^^^H 


Dun. Buoal. 




£a(. Baton (Amoa) or L. C. 




Ehrh. Ehrhart. 


!.«. Leasrag. ^^M 


£■«. EUiott. 


Z^*(,i. Leatibndma. ^H 


En^. Bndliehar. 


Z^'fitr. L'Heritier. ^| 




Undb. Lindberg. ■ 


JJW'. Engl". 


Zis^^. Lindheimer. ■ 


f!<oi. Fiacher. 


Lmdl. Lindlcy. ■ 


R™t Fnriidi. 


£a<^rf. Loddigea. ■ 


OoWr. OtBrtner. 


Lo«d. London. ■ 


Gaud. Gandin. 


M. BUi. MarachflU wn Biebenteln. fl 




JAirji. MarBliaU(HampI>re;). ■ 


<»V- Gingins. 


Jf«r(. Martina. ■ 



ABBREVIATIO.'Ja OF THE NAMES 


OP BOTANISTS. 191 1 


Mg,1. =. i,l^\a%. 


A»«. ^Schu/I. = Rffimcr & Schnitei. | 


Maiim. Mailmoxici. 


Aifrt. 


RottblEll. J 


«™. I MeUner oc 


It^pr. 


RuprechL J 


M«in. f MeisiDcr. 


S/. Hil. 


SaiDt-Hikin. ■ 


J/icAi.orJfr.Mjchaui. 


SalM. 


Saliibor?. ■ 


Miehx.f. Y. A. Micham. 


ScU. 


ScUuhr. ■ 


JIfitf. MiUer. 


Seklechl. 


ScMechUndiL ■ 


itfij. Mi.)Uei. 


Schrad. 


Schnider. ■ 


Mitch. Mitchdl 


Seknh. 


Sareb«r. M 


ifof. MO^BO. 


ScAKgin. 




JfD?. Moquin.Tondon. 


Scop. 


S»^1i. ^^H 


iioTic. Moncand. 


Spreng. 


Sprinted. ^^^m 


ifom. Moriso.1. 


aitmi. 


Stcmbecg. ^^^H 


Mutll.Jrg. J. Maeller. 


Sleud. 


^^^^H 




Suit. 


^^^H 


JtfxA/. Uuhlenberf;. 


Thunb. 


Thunber^. ^^^H 


Murr. Murray. 


Ton. 


Tom-;. ^^^H 


A'aillj. NHUdLQ. 


ToMtB. 


Touraefort ^^^^^H 


iV«*. Necker. 


Trauls. 


Trautvftter. ^^^^H 


Nea 1 


Tiin. 


^^^H 


„^j }»„.™B.„b»k. 


Turk, 


Tuckcrmaa. ^^^H 


\ mil. NuttaU. 
(Erf. (Eder, 


Vaill. 


VaiUanl. 1. 


r^f. 


Ventcnat 


OH. OrMga- 


yiu. 


Villara. 


P.deBiam. Paliaot Je BeauKois. 


H'ahl. 


Wahlenberg. 


Pfltf. Pflllaa, 
Par/. Parlalore. 


Wald^. 


Waldsleia. 


Wall. 


Wallich. 


Pur. " Paton. 


Walh. 


Wallroth. 


P*r». Persoon. 


Waif. 


Walpers. 


P/a»=A. Planchon. 


Walt. 


Walter. 


FIxt. Pinlt-net. 


Wa«g. 


Wangenheim. 


P/««. Pliimier. 


W^l,. 


Sereno WntKiii, naleH 


Pair. Poirel. 




other initial! ire pna 


Radii. Radlkofer. 


Wedd. 


WeddfU. 


A,/. Rafitieaqoe. 


Wendl. 


Wendland. 


Red. Redoulfi, 


Wit,. 


Wik.trom. 


I fc.-rf«.i. Rflicheahach. 


Wilid 


Willdtnow. 


ffici. L. C. Richard. 


Wulf, 


Wulfen. 


Sic*-/, or J. AchiUe Riehaid. 


Zucc. 




Rahardi. Bicliardson. 


ZHccag. 


ZuceufpaL 


, Ridd. RiddeU. 








DICTIONARY OF THE PEINCIPAL TERMS IN DESCRIFIIVE 
BOTANY, COMBINED WITH AN IKDEX. 



n uiaod to tills GloBt 



Hjiamonsr latin lad OTseti woidi (or 
^e Dompoiiltioa of botiolea] oaiDea, u 
. Tbs numben refer U pign. 



A , it the bcginnjns ot worils of Greek deriration, commanly slgniflea > a^tivB, 
or the abflCDue of BometJuog; as apetalauB, witfaaut patila; aphyllona, leaf* 
teaa, ke. In wonls beginning with a vowel, the preSi U an; as anantherout, 
destitute of anther. 

Abaormal, contrarj to ttie asoal or the Dstural strnctiire. 

Aonriginal, nriginal in the atricteBt aenaet same OS iiidigeniMifi. 

Abortiiit, imperfeotly formed, or rudimentary. 

Abortion, tha im[ierfHtt formation or the non-formation of same part 

Abrupt, Buddenly terminating ; as, for inntance, 

AbrupU!/ pitauOe, pinnate without an odd leaflet at the end, 53. 

Acanlho-, spin}'. 

AtaaUacftU (aeaidii). apparently stemlesat the proper item, bearing the team 
and floffera, being very short or sabterraneati. 

AcBOHorif, something additional; as Aaeasory budt, 30, 31 ; Aceeiaory /raili, 118. 

AcereacetU, growing larger after flowering. 

AecrtU, grown to. 

AccKBiiitiii, lying against a thing. The cotyledons are accumbent when they lia 
with their edges against the radicle, 128. 

Acephalous, headleaa. 

Acen,K, neeJlle-shaped, aa tlie leaves of Pines. 

AceluAidiJbrm, sauoer-shaped. 

Achaaiaiit, or Achfnium. (ploral achenia), a one-sBOded, seed-like trait, 130. 

AMiuaydeoua (flower), without floral envelopes, 86. 

Acieuiar, needle-shaped; more slender than acerotie. 

AciHae^/brm, scimitar-shaped, like some bean-pods. 

Aetna, the separate grains of a A^t, soch oa the raspberry. 

Aeani, the nnt of the Oak, 122. 

Acotslednnma, destitute of cotyledons or Med-leaven. 

AerogeKOOi, growing from tlie apex, as the stems of Ferns and Hosaes. AengMU, 
or Aerogataui PlanU, a name for the vascular cryptogamoas plants, IGfl. 

AeaUate, armed with prickles, L e. aculei ; as the Rosa and Brier. 

Aeuleala£e, armed with small prickles, or slightly prickly. 

.^euDuna^, taper-pointed, ■ll. 

Aeule, merely sharp -poiuted, or ending hi a point teai than a right aagle, 61. 

H 
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Adelphous (stamens), joined in a fraternity (adelphia)\ see monadelphoua, &o. 

AdeUf Greek for gland. So AdenophorouSf gland-bearing. 

Adharentj sticking to, or more commonly, growing fast to another body. 

AdnaU, literally, growing fast to, bom adherent, 95. The anther is adnata when 

fixed by its whole length to the filament or its prolongation, 101. 
AdruUionf the state of being adnate, 94. 

Adpresaed or appressed, brought into contact with, but not united. 
Adscendentf ascendent, or ascending, rising gradually upwards, 39. 
Adsurgent, or assurgent, same as ascending, 39. 

Adventitious, out of the proper or usual place; e. g. Adventitious buds, 80. 
Adventive, applied to foreign plants accidentally or sparingly introduced into a 

country, but hardly to be called naturalized. 
jBquilaierat, equal-sided ; opposed to oblique. 
Aerial roots, &c., 36. 
jEruginous, venligris-colored. 
uEstival, produced in summer. 

Estivation, the arrangement of parts in a flower-bud, VJ, 
AgamottSy sexless. 
A ggj'egate fruits, 118. 
Agrestis, growing in fields. 

Air-cells or Air-passages^ spaces in the tissue of leaves and some stems, 131 
Air-Plants, 36. 
Akene or Akenium^ 120. 

Ala (plural, alop), a wing; the side-petals of a papilionaceous corolla^ 92. 
AlaJbastrumj a flower-bud. 
Alar, situated in the forks of a stem. 
Alate, winged. 

AlbeMtnt, whitish, or turning white. 
Albus^ Latin for white. 

Albumen of the seed, nourishing matter stored up with the embryo, 21, 127* 
Albumen, a v^etable product, of four elements. 
Albuminous (seeds), furnished with albumen, 21. 
Alburnum, young wood, sap-wood, 142. 
Alliaceous, with odor of garlic. 
A llogamouSj close fertilization. 
Alpestrine, subalpine. 

Alpine, belonging to high mountains above the limit of forests. 
Alternate (leaves), one after another, 29, 67. Petals are aUemate with the 

sepals, or stamens with the petals, when they stand over the intervals between 

them, 82. 
Alveolate, honeycomb-like. 

Ament, the scaly spike of trees like the Birch and Willow, 75. 
Amentaceous, catkin-like, or catkin-bearing. . ^ 

Amorphous, shapeless, without any definite form. 
^mphicarpous, producing two kinds of fruit 

Amphigastrium (plural, amphigastria), a peculiar stipule-like leaf of Liverwortnii 
Amphitropous, ovules or seeds, 111. 
Amphora, a pitcher«haped organ. 

Amplectant, embracing. Amplexicaul (leaves), clasping the stem by the base^ 
Ampullaceous, swelling out like a bottle or bladder (ampulla). 
Amylaceous, Amyloid, composed of starch {amylum), or starch-like. 
Anandrous, without stamens. 

Anantherous, without anthers. Ananthous, destitute of flowers ; flowerlesa. 
Anastomosing, forming a net-work {anastomosis), as the veinF of leavei, 6(^ 
Anatrrpous ovules or seeds, 111. 
Ancipital (aiiceps), two-edged. 
^fkirtBcium, a name for the stamens taken together, 98. 




line elostsr. 
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flowera Btamlnate on one plant, perfect oq another, 
jlmfrasynoui, bavliig bath Btaminate and pistillate flowers iu tlie Bi 
Aiidrophore, a colnuin of onited stamena, as in a Hallow. 
Aiviroui, or Jader, andra, aiidrttm, Greek ia compouniU for male, 
Anemophiloiii, wind-loviug, said of wiiid-fertillzable flowers, 113. 
An/racliiOK, hent hither and thither as the anthers of the Sqaash, be 
Angioiptrma, AngioipeTmimM, with seeds formed in an ovary or pericarp, 109. 
An^akr dfiwyence nf leases, OB. 
Aniiot, UQequal. Anitomavui, psj-ts anequal in number. AnUopetabmt, vith nn- 

eqoal petals. AniKphsUoHi, the leaves unecjiial in ths pairu. 
Anntial (plant), tiowering and fruiting the year it is raised from the seed, and then 

dying, 37. 
A<Hndar, in the farm of a ring, or forming a circle. 
Anrndale, marked by rings; or famished with aa 

Anttulia, or ring, like that of the apore-ctue of roost Ferns. In Mosses it is a ring 
of cells placed between the mouth of the spore-case and the lid in many species. 

Annolinoiit, yearly, or in yearly growths. 

Ajaenar, in the blossom, is the part next the bract, i- e. external; while the 
poateriar side ia that next the axis of infloreBcance. Thns, in the Pea, &c,, the 
keel is anterior, and the atandani poUerior, BS. 

Anilula, an op^ paniculate cyme. 

AnShtr, the essential part of the stamen, which contains the pollen, \i, 80, lOL 

AatkiTvimm (plural anlktndia). the oi^n in Cryptogams which lUiBWera to Uu 
anther ot Flowering Piaots, 150. 

AtUkeriftroHi, anther-bearing. 

AnAt^t the period or the act of the expansion of a Hower. 

Antkocarinu (rniils), 118. 

AnHto^ort, a stipe between calyi iind corolln, 113. 

AnOuH, Oreek for flower ; in composition, Mimaalhoui, one-flowered, £a 

Antiam*, same as anterior. 

j4nlrDrie, directed upwarila or forwards. 

Apttalo%t, destitute of petals, 86. 

AphylloM, leafless. 

Apical, belonging to tlie apex or point. 

Apicutale, pointleted; tipped with a small point. 

Apaearpoiu (pistils), when the several pistils of the 

Apopkgdt, any irregular swelling ; the enlargement 
the Umbrells-Moss. 

ApeAedam, the fructification of Lichens, 171. 

Appendage, any superadded pari Appendieaiaie, provided witb appendages. 

Ajqireatd, close pressed to the stem, kc. 

Apriau, growing in dry and Sunny places. 

Apteroua, wingless. 

Aquatic lAqtalitii), Lving or growing in water ; applied to plants whether growing 
under water, or with all but the base raised out of it. 

Arachnoid, Araneott, cobwebby; clothed with, or consisting of, soft downy fibres. 

Ar6areovi, Arboreicenl, treo-Uke, in size or form, 39. 

Arbarelum, a collection of trees. 

Ardiegonhtm (plural archeaenia), the organ iu Mosses, &c., which 1) aniltvaUl ta 
the piatil of Flowerjug Plants. 

Aratatc^ bent or curved like a how. 

ArfBtat {Artnariiu), growing in sand. 

Areciatt, marked out into little spaces or artoia. 

Argtnteoui, or Argentate, silvery-like. 

Arg^ote, growing [n clay. 

Argot, Oreek for pure white ; Argophyllmu or Argyropliylloai, wbita-leaved, fcc 

Jrgutttt, acutely dentale. 



I 



AriUat, or Aril, a Heihy groirtfa from haae of ■ leed, 13S. 

Jriifal*, awned, L «. fnrnubed with an oruto, like tba beard of Barle;. 

AriHalalt, diminutive of the lut ; short-aWDed. 

Arrtct, brought into apright poEition. 

Arroa-Anptd or AmaJitaded, same as lagittate, G3. 

Articulattd, 'ioiBWA% faniiiheil with joiDts or arlicuIoIioM, vhere it separates or 

faiclisea to da no. 2rIiaiial<iJ ftacct, £7- 
AHifiaal Claiafication, IBl. 

^ffcwiin? (rteBia, ju.), SSj (seeds or oi-ules) 110. 
Atddiim, a plUher-ahaped body, tike leaves of Sarracenia. 
AKut {ma), a aac, the spora-caae of Licheni and some Fungi. 
A^tTgiUi/urm, ihaped like the briuh used to spriukle holy water; aa the Itlgmu 

of manr Omsses. 
Jjpcnnu, rough to touch. 
AtdnilatiiM, IM, li7. 



Auran ' 



u orthotropoD*. 






Aarictilait, funiiahed with oiii-Wm or ear-like appendagea, 53. 
Aatugamy, nelf-fertilization, 115. 
Aicl^iaptd, sharp-poliited from a broader base, SI. 
Atm, tlie bristle or beard of Barley, Oats, Ita.; or any aimilsr appendage. 
Asmtd or Aiatfoiattd, fDmished with an awn or long brlBtle-shaped tip, 54. 
' Ai3, the angle on the upper side between a leaf and the stem, 13. 
A:dU, belonging to the axis, or occupying the aiJB. 
Axiliarg (buda. Sec.), ocenrring in an aiQ, 27. 
Aria, the central line of any body ; the oi^an round whidi othera are ftttachedj the 
root and stem. AKtruSitsi and DeictmSng AxU, 3S. 



BurfiM, ches! 



s, berried, herry-like, o 



ilorud. 



a pulpy-n! 



re like a berry (bnca 



I-, eee SUndanl, 92. 
Barbate, bearded; bearing tufts, spots, or linee of haire. 
Baritd, furnished with a barb or double book ; aa the apex of the bristle oc 

fruit of Echinosparmnm (Stickseed), &c. 
BarbeUatt, said of the bristles of the pappus of some CompoaitB when beiet with 

ahort, stiff liaira, longer than when denticulate, bat shorter than when plumow. 
Bariellulaie, diminutive of barbellate. 
Bark, the covering of a stem outside of the wood, 13S, liO. 
Bainl, belonging or attached to the 

Bait, that eitremity of any organ by which it is attached to its m^pOtU 
Baafxed, nltnched by its base. 
Ban, BaH-Jibra, 13t 
Bcahfd, ending in a prolonged narrow tip. 
tarded, see barbatt. Beard ia sometimes used for awn, more commonty for long 



jr stiff hj 






■ Bia 

m Bia 



ScIUIiaped, of the shape of a bell, as the corolla of Harebell, 90. 

Btrcy, a fruit pnlpy or jnicy throughout, as a grape, lit*. 

Bi- (or Bit), in compound words, twice ; as 

Blariietdatt, twice-jointed, or two-jointed ; separating into two plai 

BiaanctilaU, haviog two ears, aa the leaf in fig. 126. 

BinaUose, having two callosities or harder spots. 

Bicarinatt. two-keeled. 

£i*^tal {Bictpt), two-headed; dividing into two parts. 
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B petiole Torks twice, 
rite or doubly rteuUle)- 

i; flpringing from the seed oca season, flowsriuB 
and djiDg the next, 3S. 
St/urJow, two-ninktHli amiDged Id two rows. 
JUjld, two-olett to Bbont the middle. 
Jii/oliolate, a Bompouad le&f of two leaflets, G9. 

Bi/itrcatt, twice forked ; or luore comnjonly, forked ioU> two bnoches. 
Bijugate, bearing two pal™ (of leaflets, Ac). 
Bitabiale, two-lipped, as tlia coroUs. of Lntiiatie. 

Bitamtllale, of two plateii (lamella), as the stigma of Mimalus. i h 

Bilabcd, the same aa two-lobcd. ^M 

Bilanlltile, wheu s i^ell is divided into two toctlli. ^M 

Biloailar, two-cellsd; as most anthers, the pod of Fosglove, Ac ^| 

Bituite, iQ couples, two together. Bipartite, llie Latin form of Iwo-pnrtcd. 

Biiwdal, ot two uodea. 

Binnminl, ofjtwo words, ai the name of genua and speoiei taken together, 180, 

Bipaimatt, twice palmately divided. 

Bipareai, bearing two. 

Bij/niHaU (leaf), twice pinnate, 5S. Blpinnatijiil, twice pinnatifid, 57. 

BipiiHuitiiecl, twice pinnatelf divided. 

Siplicait, twice folded together. 

Bittii'il. nr Biieriale, occupying two rows, one within the other. 

BuejTu/e, doubly seiratfl, as when the teeth of a leaf are themselves serrata. 

BistKual, having both staniena and pistil. 

Bilemate, twice temate; i. e. principal divisioaa three, each beari:^ three leaflats. 69 

Bladdery, tliin ami iu Hated. 

Blade of a leaf, its exi>aniled portion, 49. 

Bloom, the whitish powder on some fruits, leaves, &c. 

Boat-Aoiied, concave within aud keeled without, in shape like a small host. 

BurdtT of corolla, ftc, 89, 

Bradaatt, with opposite Ijranches at right angles to each other. 

Brathn; short, as Smchycarpmu, short-fluit«il, &c 

Si-ne«(Sra(aeii), thelcaf otan mHorescence. Specially, the bract is the smsll leal 

or noale from tlie axil of which a flower or its pedicel proceeds, 73. 
Braelratf, famishe'i with bracti. 
Bmctealnle, furnished with bractlota. 
Braelteit, with niimerans or conspicnons bracts. 

Bractltl (Brarieola), m Bracitole, is a bract seated on the pedicel or flower- stalk, 73. 
Broach, BratuAing, 27. 
BreathiHg-pora, Hi. 

Briititi, MS, sharp hairs, or any very sleniler boilies of similar appearance. 
Bi-iillji, beset with bristles. Briitle^ioinltd, 54. 
Branneoaa, brown. 
Srvih-Anped, see a^fiergHlifoTm. 

Brgotoffy, that part of botany which relates to Mosses. 
Brynphsta, BryjiiylM, 163. 

BuJ, a branch in its earliest or undeveloped state, 27. Bud-Kalti, 63. 
.SuA, a leaf-bud with fleshy scales, usually anhterranean, 46. 
Biilbili, diminutive bolbs. 

BalbifertMi, bearing or producing bulbs. Bulboit or tuiboai, bulb- like In shape, &r. 
Svlblttt, small bulbs, borne above ground, 46. 
Bvlt^txda,^. 

Sidtatt, appearing as if blist«red or bladdery (from bulla, a babble). 
fijianeeoiu, composed of fine flax-like threads. 
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CaducouSj dropping off very early, compared with other parts; as the calyx in the 

Poppy, falling when the flower opens. 
CoBvuleous, blue. Carulescent^ becoming bluish. 
CaspitoUf or Ctspitose, growing in turf-like patches or tufts. 
Calathiform, cup-shaped. 

CalcaratCf furnished with a spur (calcar), 86, 87. 

Calceolate or Calceifoitn, slipper-shaped, like one petal of the Lady's Slipper. 
Callose, hardened ; or furnished with callosities or thickened spots. 
CalvotUj bald or naked of hairs. 

CalyciflortUf when petals and stamens are adnate to calyx. 
Calycine, belonging to the calyx. 
Calyculate, furnished with an outer accessory calyx (calyculut) or set of bracts 

looking like a calyx, as in true Pinks. 
Calyptra, the hood or veil of the capsule of a Moss, 163. 
Calyptrate, having a calyptra. 

Calyptnform^ shaped like a calyptra or candle-extinguisher. 
Calyx, tlie outer set of the floral envelopes or leaves of the flower, 14, 79. 
Cninbium^ Cambium^ayer, 140. 
Campanulate, bell-shaped, 90. 
Campy lotropoiis, or CampylotropaU curved ovules and seeds, 111. CampyUMpermouSf 

applied to fruits of Umbelliferse when the seed is curved in at the edges, 

forming a groove down the inner face ; as in Sweet Cicely. 
( analiculate, channelled, or with a deep longitudinal groove. 
Cancellated latticed, resembling lattice-work. 
Candidus^ Latin for pure white. 
Canescentf grayish-white ; hoary, usually because the surface is covered with fine 

white hairs. Jncanous is whiter still. 
Canous^ whitened with pubescence; see incanouB. 

CapillaceouSy Capillary^ hair-like in shape ; as fine as hair or slender bristles. 
Capitate, having a globular apex, like the head on a pin. 
Copitellnte, diminutive of capitate. 

Capitulum, a close rounded dense cluster or head of sessile flowers, 74. 
Capreolate, bearing tendrils (from capreolits, a tendril). 
Capsule^ a dry dehiscent seed-vessel of a compound pistil, 122. 
Capsular, relating to, or like a capsule. 
Capture of insects, 154. 

Carina, a keel ; the two anterior petals of a papilionaceous flower, 92. 
Carinate, keeled, furnished with a sharp ridge or projection on the lower side. 
CaHopsis, or Caryopsis, the one-seeded fruit or grain of Grasses, 121. 
Carneous^ flesh -colored; pale red. Camose, fleshy in texture. 
Carpel, or Carpidium, a simple pistil or a pistil-leaf, 106. 
Caipellary, pertaining to a carpel. 

Catpology, that department of botany which relates to fruits. 
Carjwphnre, the stalk or support of a pistil extending between its carpels, 113. 
Catpos, Greek for fruit. 

Cfiriilaginous, or Cartilaffineous, firm and tough in texture, like cartilage 
Caruncle, an excrescence at the scar of some seeds, 126. 
Carunculnte, furnished with a caruncle. 

Carytphyllaceous, pink-like : applied to a corolla of 5 long-clawed petals. 
Cassideous, helmet-shaped. 
Cassus, empty and sterile. 

Catenate, or Catenulate, end to end a., in a chain. 
Catkin, see Ament, 75. 
Caudate, tailed, or tail-pointed. 

Caudex, a sort of trunk, such as that of Pahns ; an upright rootstock, 89, 4^ 
Caudicle, the stalk of a pollen -mass, &c. 
Caulescent, having an obvious stem, 86. 
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^CbuBek, a little stem, or rndim 

Cauline, nf or belonglne to s s( 

Ciulacarpie, equivalent to pereniii&l. 

CaiUomt, the csuline psna uf b plant. 

Ctll (dimiauUvc, CclluU), the cavity of au inther, oviry, &a. ; one of the anatomi- 
cal elemcDlg, 131. 

Ctllatar Cryptogavu, isa. Cellular Haue, 131. 

Ciltuimt, 131. Celi-aalU, 130. 

Centrifugal (inflonscsace), produced or expanding in BUCCCMion from the centre 
outwarda, 77. 

Cntripetal, the opposite of centrifugal, ^^. 

Ctpkala, Greek for head. In compounds, Uonocrplmtoui, nilh one head, Micro- 
ctpkatota, small-headed, &i:. 

Ctreat, belonging to com, or Pum-planla. 

Ctrnaous, nodding; the eummit more or less iaetiniog. 

Chata, Greek for bristle. 

Chaff. Bmell membranous scales or bracta on tlie receptacle of Compoaits; the 
glumea, &c., of grasacs. 

CTnfy, furnished with chaff, or of the lenture of chaff. 

Chnlam, thai part of the ovule where all the part» gmw together, 110, ISfl. 

CiaiuielUd, hollowed out like a gulterj same an caiialicuinlt. 

Character, a phrase expressing the essential marks of a epeciea, genua, &c., 181 

Ckartaceotti, of the texture of paper or psrchmeut. 

C/doroi, Greek for green, whence OttoranlJiimi, green-flowered j Ckloroearpoui , 
green -fruited, &c. 

Chlorophyll, leaf green, 136. 

Chloroaii, a condition in which naturally colored parts turn green. 

Choripetaloua, same as pol.vpclaloua. 

Cheriiii, aeparation of tlia normallj united parts, or wtiere tno or more parta take 
the place of one. 

drsKt, Gnek for golden yellow, wbenee CkTgianthoia, yellow-Sowered, &c. 

Ciealrix, the acar left by the fall of a leaf or other organ. 

CiHate, beast on the margin with a fringe of cilia, I. e. of hairs or bristles, like tha 

eyelashes fringing the eyelids, whence the name. 
Cintreoia, or Ciaemceoai, aafa-grayiab ; of the color of ashes. 
Circinate, rolled inwarda Ihim the top, 73. 
CirainadisiU, or Ciramiciailt, divided byadrcular line round the aides, aa the 

pods of Purslane, Plantain, &c., 134. 
CircmHKr^Hm, general outline. 
Ctrrhifemiit, or Cirrkme, furnished with a tendril (LatiD, O'rrj^ui) ; as the Graps 

vine. Cirrhoie also means reaembling or coiling like lendrils, as Ihe l^f- 

stalks of Vii^in's-bower. More properly Cirrua and Cirroie. 
Glreoui, lemon-yellow. 
Cladm, Greek for branch. Clatlpphylla, 6i. 
Clan, 178. 183. 
Clatrifieatimi, 176, 183. 
Clatkratt, latticed : same as eniiaellaCe. 
ClaKate, club-shaped; slender below and thickened upwards. 
Clmetlatt, diminutive of clavate. 

Clavieulait, having Claticula, or little t«ndrila or hooks. 
etna, the narrow or etalk-like baee of some petals, aa of Pinks, BL 
CUittuga/noiii (Cldttogamg), fertilized in closed hud, IIB. 
O^, cut into lobes, U. 
CloK fertiliution, 115. 

CUaMng, riaing by dinging to other objects, 39, 151. 
Cl\di-Aaped, ace claeale. 
Cltu'trtd, leaves, flowers, &c-, aggregated or collected into a bunch. 
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ClffpsaUj buckler-«haped. 

Coadunattf oame as contMte, i. e. united. 

Coatescent^ growing togettier. Coalticencty 88. 

Coarctate^ contracted or brought close togettier. 

Coatedf having an integument, or covered in layers. Coated bulb, 46. 

Cobiotbbtfy name as arachnoid; bearing hairs like cobwebs or gosKamer. 

Coccineotutf 8carlet*red. 

Coccus (plural cocci), anciently a berry; now mostly used to denote the separable 

carpels or nutlets of a dry fruit. 
CockUariformf spoon-shaped. 
Cochltatty coiled or shaped like a snail-shell. 
CcUoq>ermouSj applied to those fruits of Umbellifers which have the seed hollowed 

on the inner face, by incurving of top and bottom; as in Coriander. 
Coherent f usually the san^p as connate. 

Cohort, name sometimes used for groups between order and class, 178. 
Coleorhiza, a root-sheath. 
Collateral^ side by side. 
Collective fruits, 118. 

CoUum or Collar, the neck or junction of stem and root. 
Colored, parts of a plant which are other-colored than green. 
Columella, the axis to which the carpels of a compound pistil are often attached, 

as in Geranium (112), or which is left when a pod opens, as in Azalea. 
Column, the united stamens, as in Mallow, or the stamens and pistils united int* 

one body, as in the Orchis family. 
Columnar, shaped like a column or pillar. 
Coma, a tuft of any sort (literally, a head of hair), 125. 
Comoitf, tufted; bearing a tuft of hairs, as the seeds of Milkweed, 126. 
Commissure, the line of junction of two carpels, as in the fruit of Umbellifera. 
Complanate, flattened. 

Compound leaf, 54. 57. Compound pistil, 107. Compound umbel, 75, &c. 
Complete (flower), 81. 
Ctmplicate, folded upon itself. 
Compressed, flattened on opposite sides. 
Conceptacle, 168. 
Concinnous, neat. 
Concolor, all of one color. 
Conchiform, shell- or half-shell- shaped. 
Conduplicate, folded upon itself lengthwise, 71. 
Cone, the fruit of the Pine family,12<l. Coniferous, cone-bearing. 
Conferius, much crowded. 

Conferruminate, stuck together, as the cotyledons in a horse-chestnut 
Confluent, blended together; or the Rame as coherent. 
Conformed, similar to another thing it is associated with or compared to; or closely 

fitted to it, as the skin to the kernel of a seed. 
Congested, Conglomerate, crowded together. 
Conglomerate, crowded into a glomemle. 
Conjugate, coupled ; in single pairs. Conjugation, 170. 
Connate, united or grown together from the first formation, 96. 
Connaie-perfoliate, when a pair of leaves are connate round a stem, 60. 
Connective, C'innectivum, the part of the anther connecting its two oeUi) 101. 
Cormivent, converging, or brought close together. 
Consolidation (floral), 94. 
Consolidated forms of vegetation, 47. 
Contents of cells, 136. 

Continuous, the reverse of interrupted or articulated. 
Contorted, twisted together. Contorted eesHvation, same as eonvo/ide, 97. 
Contortuplicate, twisted back upon itself. 
Canira^ed, either narrowed or shortened. 
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Contrary, ttiraed in opposite direction to the ordinary. 

ConvolutSf rolled up lengthwise, as the leaves of the Flam in vernation, 72. In 

aestivationi same as contorted^ 97. 
Cordate, heart-shaped, 53. 
CoriaceotUj resembling leather in texture. 
Corky, of the texture of cork. Corky layer of barit, 141. 
Corm, a solid bulb, like that of Crocus, 45. 
CoimeouSy of the consistence or appearance of horn. 
Corniculafef furnished with a small horn or spur. 
Coinute^ homed; bearing a horii>li)Le projection or appendage. 
Corolla, the leaves of the flower within the calyx, 14, 79. 
Coroltddioui, CoroUine^ like or belonging to a corolla. 

Corona, a coronet or crown ; an appendage at the top of the claw of some petals, 91- 
Coronate, crowned; furnished with a crown. 
Cortex, bark. Cortical, belonging to the bark (cortex). 
Corticate, coated with bark or bark-like covering. 
Corymb, a fiat or convex indeterminate flower-cluster, 74. 
Corymbiftrous, bearing corymbs. 

Corymbose, in corymbs, approaching the form of a corymb, or branched in that way. 
Costa, a rib; the midrib of a leaf, &c. Costate, ribbed. 
^Cotyleditns, the proper leaves of the embryo, 11, 127. 
Crattriform, goblet-shaped or deep saucer-shaped. 
Creeping (stems), growing flat on or beneath the ground and rooting, 39. 
Cremocarp, a half-fruit, or one of the two carpels of Umbellifern, 121. 
Crenate, or Crenelled, the edge scalloped into rounded teeth, 55. 
Crenutate, minutely or slightly crenate. 

Crested, or Cristate, bearing any elevated appendage like a crest. 
Cretaceous, chalky or chalk-like. 

Cribrose, or cribriform, pierced like a sieve with small apertures. 
Crinite, bearing long hairs. 
CritpcUe, curled or crispy. 
Croceotu, saffron-color, deep reddish-yellow. 
Cross-breeds, the progeny of interbred varieties, 176. 
Cross fertilization, 115. 
Crown, see corona. Crowned, see coronate. 
Ciudate, or Cruciform, cross-shaped. Cruciform Corolla, 86. 
Crustaceatu, hard and brittle in testture; crust-like. 
Cryptogamnus Plants, CryptogatfiS, 10, 156. 
Cryptos, concealed, as CryptopetaUms, with concealed petals, &c. 
Crystals in plants, 137. 
Cucullate, hooded, or hood-shaped, rolled up like a comet of paper, or a hotfd 

(cuculltu), as the spathtf Of Indian Turnip, 75. 
Culm, a straw; the stent of Gra^d and Sedges, 39. 
Cultrate, shaped like a trowel or br6ad knife. 
Cuneate, Cuneiform, wedge-shaped, 53. 
Cup-shaped, same as cyathiform or near it. 
Cupule, a little cup ; the cup to the acorn of the Oak, 122 
Cupular, or Cupulnte, provided with a cupule. 
Cupuliferous, cupiile-bearing. 
Cui'viveined, with curved ribs or veins. 
Curviserial, in d^blique or spiral ranks. 
Cushion, the enlargement at the insertion or base of a petiole. 
Cuspidate, tipped with a sharp and stiff point or cuq>, 54. 
Cut, same as incised, or applied generally to any sharp and deep division, 55. 
Cuticle, the skin of plants, or more strictly its external pellicle. 
Cyaneous, bright blue. 

Cyathiform, in the shape of a cup, or particularly of a wine^laas* 
Cyde, one complete turn of a spire, or a circle^ 70. 
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Cyclical^ rolled ap circularly, or colled into a complete circle. 

CyclosiSf circulation in closed cells, 149. 

CylindmceoWj approaching to the Cylindrical form, terete and not tapering. 

CymbcB/oiinf or Cymbiformf same as boat-shaped. 

CymCy a cluster of centrifugal inflorescence, 77. 

Cymosej furnished with cymes, or like a cvme. 

CymuUy a partial or diminutive cyme, 77. 

Deca- (in words of Greek derivation), ten ; as 

Decaffynoutf with 10 pistils or styles, DecameroiUf of 10 partSy Decandrous, with 

10 stamens, &c. 
Deciduous^ falling off, or subject to fall; said of leaves which fall in aatomn, and 

of a calvx and corolla which fall before the fruit forms. 
DecUnate, declined, turned to one side, or downwards. 
Decompound, several times compounded or divided, 59. 
Decumbent, reclined on the ground, the summit tending to rise, 89. 
Decurrent (leaves), prolonged on the stem beneath the insertion, as in Thistles. 
DecHMfite, arranged in pairs which successively cross each other, 71. 
Deduplication, same as chorisis. 

Definite, when of a uniform number, and not above twelve or so. 
Definite Inflorescence, 72. 
Deflected, bent downwards. 

Deflorate, past the flowering state, as an anther after it has discharged its pollen. 
Dehiscence, the regular splitting open of capsule or anther, 103, 119. 
Dehiscent, opening by regular dehiscence, 119, 123. 
Deliquescent, branching off so that the stem is lost in the branches, 32. 
Deltoid, of a triangular shape, like the Greek capital a. 
Demersed, growing below the surface of water. 
Dendroid, Dendritic, tree-like in form or appearance. 
Dendron, Greek for tree. 
Deni, ten together. 
Dens, Latin for tooth. 

Dentat% toothed, 55. Denticulate, furnished with denticulations, or little teeth. 
Depauperate, impoverished or starved, and so below the natural size. 
Depressed, flattened or as if pressed down from above. 
Derma, Greek for skin. 

Descending, tending gradually downwards. Descending axis, the root. 
Desmos, Greek for things connected or bound toother. 
Determinate Inflorescence, 72. 
Dextrorse, turned to the right hand. 
Di- Dis (in Greek compounds) two, an 

Diadelphous (stamens), united by their filaments in tw6 sets, 99. 
Diagnosis^ a short distinguishing character or descriptive phrase. 
Dialypetalous, same as polypetalous. 
Diandrous, having two stamens, &c. 
Diaphanous, transparent or translucent. 
Dicarpellary, of two carpels. 

Dichlamydeous (flower), having both calyx and corolla. 
Dlchogamous, Dichogamy, 116. 
Dichotomous, two-forked. 

Diclinous, having the stamens in one flower, the pistih in another, 85. 
Dicoccous (fruit), splitting idto two cocci or closed carpels. 
Dicotyls, 23. 

Dicotyledonous (embryo), having a pair of cotyledons, S3. DicotyledonoHi Plants, 2a 

182. 
Didymous, twin. 

Didynamous (stamens), having four stamens iatwo pairs, 100. 
Difute, BpreMng widely and irregularly. 
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D'ptiTOHa, Iwo-winged. 



Dif/UaU (Angered), wbere the lufleta 

of the pedole, 58. 
Digifiutaa (flower), having (vo pisdla 
Dimeroui, mode up cf two pari!, or it 
Dimidiate, hslTed; as when 
DimoTphitm, IIT. DimOTphoui, Uim: 
Diaciaui, or Dioicoiu, with atauien* ai 
Dipttiiioai, of two pe[ala. Z>;>*jHuu. 
Diple-. Greek for iluubJc. aa Dipluntmoivmi, with two ac 
Duei/arm or Diik-ahaptil, flat end circ 
iJueuvJof, or Diicoid, belonging la cir 
D'oBolor, at two diferent colDrs or hui 
DUcrete, BepamlB, opposite of concret- 
Dit^alims, of two MpnU. 
Di^, VOk face of any Bat bodv; the ce 

flower, or Coreopsie, as opposed to 

rtceptaclB of a flower, 113. 
Diik-fiowtn, Ihoeeof the diak in Cnmpoelts. 
Diaecled, cut deeply inlo many lobes or divisions. 
Uimpimtnti, fho partitions of a totnpouad ovary or a fruit, 108. 
OiaiilieKt, bursting in piwea. 
Distickoia, two-ranked. 
DiitiiuU, nncouibined with each other, 9S. 
Dilktaiut, of two thecEe or anther-cella. 
Dieariaile, Btraddling; very widely divergeut. 

Divided (lea^'es, &c.), out into divisiima down to the base or midrib, BB. 
Dodeca, Graelt for twelve; as Dodtcagynmu, with twelve pistils or sty 

cattdriMi, with twelve stamens. 
Dodram, apaa-loDg. 
Doia&ri/urtii, ajca-shaped. 

Donat, perlainlnc (o (he hack (Jorjum) of an organ. Dorsal Sufure, 10 
Dotted Dacli, 118. 

Dimblt Floatn, where the petals are multiplied unduly, T9. 
Doamg, clothed with a tnal of soft and abort hairs. 
Dri^aeeoiu, like or pertaining to a drupe. 
Divpe, a Bloue-fmil, llili). Drupelet or Drvpei, a little drupe. 
liacU, the BO^eatled ressels of plants, 134. 



!, busb. 



ir relati 



£-, aaa prefiit of Latin eompound worda, means dastitute of ; as eemtate, without* 

rib or midrib: exalbumiwai, wllhont albumen, &c 
Eartd, see nurietAitt, G3. 

Ebrarieale, destitute nf braclii. EbradealnU. destitute of bractletn. 
Eiuneeai, ivory- whita. 

Eehinale, armed witlTfMckles (like a hedgehog). Echiaulnle, a dimlaatire of it. 
£deiilate, toothless. 

^e(e, past bearing. &c.: said of anthera which have discharged their pollen. 
Bfuit, very loosely branehed and spreading. 
Bs^andalBte, destitute of gtsnris. 

Elatert, threads mixed with the aporee of Uverworts, IflB. 
Elllpunilal, apprnacbing an elliptipal figure. 
EUipticnt, oval or oblong, with the ends regolarly rounded, BS. 
Emarginatt, notched at tlie summit, B4. 
• £f»irjro, the rudimentary planllet in a seed, 11, 187. 
EnAryonal, belonging or relating u> the embryo- 
£in&tyo4iic, IIT. 
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Emened^ raised ont of water. 

Endecayynous^ with eleven pistils or styles. Endecandrotu, with eleven stamens. 

Endemic^ peculiar to the country ge<^raphically. 

Endocarpy the inner layer of a pericarp or fruit, 120. 

Endochromt^ the coloring matter of Algae and the like. 

Endogefunu Sttms^ 138. Endogenous plants^ an old name for monocotyledons. 

EndopUura^ inner seed-coat. 

Endurhizalf radicle or root sheathed iivgennination. 

Endosperm f the albumen « f a seed, 21. 

Endostome, the orifice in the inner coat of an ovule. 

Ennea-y nine. Enneagynous^ with nine petals or styles. Enneandrous, nine-etamened 

Ensatey Ensiform, sword-shaped. 

Entire^ the margins not at all toothed, notched, or divided, but even, 55. 

EntomophilouSy said of flowers frequented and fertilized by insects, 113. 

Ephemeral^ lasting for a day or less, as the corolla of Purslane, &c. 

Epi'f Greek for upon. 

EpicalyXf such an involucel as that of Malvaceae. 

Epicarpy the outermost layer of a fruit, 120. 

Epidermal^ relating to the Epidtrmis, or skin of a plant, 50, 141, 143. 

Epigcsotts, growing on the earth, or close to the ground. 

Epigynousy upon the ovary, 95, 99. 

Epipetalous, borne on the petals or the corolla, 99. 

EpipkyllouSy borne on a leaf. 

Epiphyte, a plant growing on another plant, but not nourished by it, 96. 

Epiphytic or Epiphytal^ relating to Epiphytes. 

EpipterouSj winged at top. 

Episperm^ the skin or coat of a seed, especially the outer coat. 

Equal, alike in number or length. 

Equally pinnate, same as abruptly pinnate, 57. 

Equitant (riding straddle), 60. 

Erion, Greek for wool. Erianthous, woolly-flowered. Ei-tophorous^ iM^I>ol-bearing, &c 

Erose^ eroded, as if gnawed. 

Erostratef not beaked. 

Erythros, Greek for red. Erythrocarpous, red-fruited, &c. 

Essential Organs of the flower, 80. 

Estivation, see cestivation. 

Etiolniedf blanched by excluding the light, as the stalks of Celery. 

Euj Greek prefix, meaning very, or much. 

Evergreen, holding the leaves over winter and until new ones appear, or longer. 

Ev, Latin prefix; privative in place of **e" when next letter is a vowel. So Eae^' 

alate, wingless; Kxalbuminous (seed), without albumen, 21. 
Excurrent, running out, as when a midrib projects beyond the apex of a leaf, or a 

trunk is continued to the very top of a tree, 32. 
Er^guous, puny. 

^TiVi/J, lank or meagre. — 

E'cimius, distinguished for size or beauty. - . 

E<ro-f in Greek compounds, outward, as in 
Eieocarpf outer layer of a pericarp, 120. 
Exogenous, outward growing. Exogenotu stems, 139. 
Exorhizal, radicle in germination not sheathed. 
Exostome, the orifice in the outer coat of the ovule. 
Explanate, spread or flattened out. 

Exserted, protruding out of, as the stamens out of the corolbu 
Exslipulate, destitute of stipules. 
Extine, outer coat of a pollen-grain. 

Exti'a-axillary, said of a branch or bud somewhat out of the axil, 81. 
Extrorse, turned outwards ; the anther is extrorse when fastened to tht filament dsn 

the aide next the pistil, and opening on the oater side, 101. 



Falcatt, sc7th»«Iiaped J ■ flat body currgd, lU edges pantlol. 

Falie Saamti, 78. 

Familji, in butuiy same u Order, 17T. 

Farina, meal or starcby matter, 136. 

Faavilt, banded; also applied to mnnslniua stems which grow dut. 

Foicide, ■ uloaa cluster, 77, 

Fatadtd, FoMlculaltd, growing in a iiundle or tuft, as the leaves of Larcli, 68, and 

roots uf Peony, 'ib. 
Fattiginit, close, parallel, and upright, aa the lirniiches uf Lorabardy Poplar. 
^<iiu (plural, /nucu), the throat ofa <:alyi, corolla, &c,, 89, 
Fattolatt, Fhsok, honeyeombeil ; mme at alveoliilr. 

Father-vtmeil, with Teim of a leaf all BpriDgiu)( fmiu tbi; sides of a midrib, Bl. 
Fteala or Facula, starch, 136. 
Ftmaltjloieer 01 plant, rine bfaring pislili only. 
Ftneitratt, pierced with one ur more large holw, like windows. 
fBJTujiaeoM, or FitmiffiHoitM, reKsmbling iron-rust; red-Eraytah. 
Ftrtilr, fruit-bearing, or capable of it; also said of aulbers producing good pollen. 
FtrtUizat'uin, the process by which pollen causes the embryo to be formed, IW, 
Fi&rt (woody), 133. Fibtvia, coataining much fibre, or composed of fibres. 
Fibrilint, farmed ot small fibres, or Fibrilia. 
Fibra-vaiailar bundle or tissue, formed of lihres and vessels. 
Fiddlt-thaptd, obovate with a deep recess on each side. 
Fidm. Ulin saffii for cleft, as Bifid, two-cleft. 

Fibment, the stalk of a stamen, 11, SO, 101 ; also any slender thread-shaped body. 
FUamtnlim, or filamenloiis, bearing or formed of slender Ihreada. 
Filiform, thread-shaped; Inog, slender, and cylindrical. 
Fmbnate, fringed; furnished with fringes (/mftriia). 
FimhrUlalt, Fimbriltifetvui, bearing small ^'miT™, i. e. _fimbrilla. 
Fiaiparoui, multiplying bv division of one body into two. 
Fimhu, Latin for split ur dividiHl. 

Fiilaiar, or FiHaloie, hollow and cylindrical, as the leaves of the Onion. 
FMtliyvhn, or FtabeUale. fan-shaped. 
FlagdialtyOT FtngtlUferm, lun^, narrow, and flexible, like the thong of a whip; or 

like the runners (jas/rlla) of the Strawbetry. 
Flamiceiil, yellowish, or (uniiiig yellow. 
FloBai, Latin for yellow. 
Flaky, composed of finn pnlp or flesh. 

Fltxaoit, or Fltxvaiu, bending in opposiu directions, in a zigug way. 
Floatiag, swimming on liio surface of water, 

Floccaie, composed of ur bearing tufts o< woolly or long and soft hairs. 
Flora {ihe^dtUss ot flowera], the plants of a country or diitricl, taken (ogelber, or 

a work sysCematically describing them, 9. 
FTaral Ettttlopei, nr Floaer-leactt, 79. 
FtertI, a diminutive flower, one of a mass or duster. 
iFloribmtd, abniidaiitly floriibrouB. 
Florula, the flora of a small district. 
Flotjjhrii, I.Alin for flower, 
Ftotalut, diniinulive, same as floret. 

Flover, the whole organs of reproduction of Phienogamous plants, 1*. 73. 
FloiBir-iudi an unopened flower. 

Floatrmg PianU, 10, 156. Floioerlea Plants, 10, 158. 
Flytrap leava, 65. 

Fltiitani, Latin for floating. Fhiviaiile, belonKing to a river or stream. 
Feliaeioia, belonging to, or ot the tcKlure or nature of, a leaf (yo/unn). 
Faliatt, provided with leaves. Utin prefixes denote the number of leave., aa H/t- 

iiatt, Irijoliiilt. &c. Foiioic, leafy; abounding in leaves. 
Foliolatt, relating to or bearing leaflets l/oUola) ; irifoliale, with three leaflets. &c 



i 
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Folium (plural, /n/ia), Latin for leaf. 

FolUcltf a simple pod, opening down the inner sature, 122. 

FolUctUarj resembling or belonging to a follicle. ^ 

Food of PlanU, 144. * 

Footstalk, either petiole or peduncle, 49. 

Foramen, a hole or orifice, as that of the ovule, 110. 

Foraminose^ Foraminulose^ pierced with holes. 

Forked, branched in two or three or more. 

Fornicate, bearing foriiices. 

Fornix, little arched scaler in the throat of some corollas, as of Comfrej. 

Foveate, deeply pitted. Foveolate, diminutive of/bveate. 

Free, not united with any other parts of a different sort, 95. 

Fringed, the margin beset with slender appendages, bristles, &c. 

Frond y what answers to leavts in Ferns, &c., 167; or to the stem -and leaves fused 

into one, as in Liverwort. 
Frondetcence, the bursting into leaf. 

Frondose, frond-bearing; like a frond, or sometimes used for leafy. 
Fructijication, the state or result of fruiting. 
Fructus, Latin for fruit. 

Fruit, the matured ovary and all it contains or is connected with, 117. 
Fruit-doU in Ferns ; see Sorus. 

Fnutulose, consisting of a chain of similar pieces, or Frustulet. 
Frutescent, somewhat shrubby' ; becoming a shrub {Frutex), 39. 
Fruticulose, like a small shrub, or Fruticulus, Fruticose, shrubby, 39. 
Fugacious, soon fallinj^ off or perishing. 
Fulcrate, having accessory organs or fulcra, i. e. props. 
Fulvous, tawny; dull yellow with gray. 
Fungus, Fungi, 172. 

Funicle, Funiculus, the stalk of a seed or ovule, 110. 
Funnelform, or funnel-skaped, expanding gradually upwards into an open mouth, 

like a funnel or tunnel, 90. 
Furcate, forked. 

Furfuraceous, covered with bran-like fine scurf. 
Furrowed, marked by longitudinal channels or grooves. 
Fuscous, deep gray-brown. 
Fusiform, spindle-shaped, 36. 

Galhalus, the fleshy or at length woody cone of Juniper and C3rpre88. 

Galea, a helmet-shaped body, as the upper sepal of tiie Monkshood, 87. 

Galeate, shaped like a helmet. 

Gamopetalous, of united petals, 89. 

Gamophyllous, formed of united leaves. Gamosepcdoutf formed of united tepals, 89. 

Geminate^ twin ; in pairs. 

Gemma, Latin for a bud. 

Gemmation, the state of budding; budding growth. 

Gemmule, a small bud; the plumule, 6. 

Genera^ plural of genus. 

Geniculate, bent abruptly, like a knee (g^nu), as many stems. 

Generic Names, 179. 

Genus, a kind of a ranli above species, 177. 

Germ, a growing point; a young bud; sometimes the same as ennbiyo, 127. 

Germen, the old name for ovary. 

Germination, the development of a plantlet from the seed, 12. 

Gerontogceous, inhabiting the Old World. 

Gibbous, more tumid at one place or on one side than the other 

Gilvous, dirty reddish-yellow. 

Glabrate, becoming glabrous with age, or almost glabrous. 

Glabrous, smooth, in the sense of having no hairs, bristles, or other pabeaeenoe. 
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I of IriB. 

^^Qrele oily or nromtttic or oth*r proilucia ; Ibey 

BDmeliines ou Ihe surface na smull prujectioaa ; sonieliniGs raised on tuiin or 
briaClea (glatidular hairi, ifc), ■> in tbu Swoetbrler and Sundew. Tbe naniB is 
also ipvDD to nny small svctliags, &<:., whether tbey secrets anytbing nr Dot; K> 

Glanduiai; Gland aLae, fumiBlicd irilb glandii, or gland-like. 

Claw (ClaiiJ), the acorn or maat of Oak and similar truitS. 

CJareom, growing In gravel. 

Glaucuceni, aligbtly glaucous, or btuiab-gray. 

Glaacovs, covered wilb n Wooni, vis. wilh a fine white powder of wax that mbt off, 

like that on a fresh plum, or a cabbagc-leai. 
GtuioK, spherical in form, or nearly so. GU/ular, nearly globose. 
Oluchidinlt, or Glockideoaa, (bristles) barbed; tipped wilb barbs, or with a double 

hooked point. 
CiomeTate, cloeely aggregated into a dense cluster. 
Bleiafrulr, a dense bead-like cluster, TT. 

GltMolof/jf, tbe department of botany in which Ie<:htiicu] terms are explained. 
Glwaactuia, glume-like, or glume- bearing. 
Glumt; Glumes are the busks or doral coTCrings of Grasses, or, particularly, the 

outer husks or bracts of each spikclcl. 
'Glumellci, the inner busks of Grasses. 
' GiHugiluat, a stipe below stamens, 113. 
Oottjipiiu, cullanj-, flocculent. 

GracUU, Latin fur Blender. 
Grain, see Caryuptlt, 131. 

Cmnheow, grass-like. 

Graimlar, composed of grains. GranaU, a small gnin. 

GraetoleiU, heavy-scented. 

GrUeuuij gray or bluish-gray. 

GroaA, ViB- 

Oiiimout, or Grumoie, formed of coarse clustered gt^ini. 

(iatlale, spotted, as if by drops of something colored. 

ffjmnoi, Greek for naked, as 

Gynnocarprivi, naked-tmited. Gpana^trmoui, naked-seeded, 108. 

Gt/tMiotptnnBai gfnacium, VK). 

Gynnotpei'ma, or Gt/mruiiprrvioui Flanli, 183. 

Gaitandrmu, with stamens borne on, i. e. united wilh, the pistil, 99. 

GsTUKivn, a name for the pisllla of a Hower taken altogether, lOS. 

Cgnvtnie, a depressed receptacle or snpport of Iha pistil or carpels, IM. 

Ggn^kort, a stalk raliipg a pistil above Ihe slanien<>, 113. 

Gsnotttgivm, a sheatli around pistils, of whate 

Gsnoittmiui, name of the column in Orchids, &c., consistiDg of style and stigma 
with stamens cnmblned. 

Gi/ratt, coiled or moving circularly. 

Gyrate, strongly bent to and fro. 

Babit, Ihe general wpeol of a plant, nr lis mode of growth. 
Httbitat, \hv situation or country in which a plant grows in 
Hairt, bair-llke growth* on the surface of plants. 
Bmrs, beset with hairs, especially longiab ones. 
Balberd-thnpeil, see iattnle, 63; 

Balvtd, when appearing as if one half of the body were CD 
Hamate, or Bomone, hooked ; the end of a slender body be 

Eaplo-, in Greek coupdunds, single; as Haploitemonosi, having only oi 
Btameas, 
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UastcUe^ or BatiUtf shaped like a halberd; famished with a spreading lobe on etcl$ 

side at the base, 63. 
He(tdf capitulum, a form of inflorescence. 74. 
Heart-thapedf of the shape of a heart as painted on cards, 53. 
Seart-woody the older or matured wood of exogenous trees, 14SL 
nelicoid, coiled like a helix or snail-shell, 77. 
Helmtty the upper sepal of Monkshood is so called. 
IFeivoloiu, grayish-yellow. 

Ilemi' in compounds from the Greek, half; e. g Hemispherical ^ &e« 
IJemicarpj half-fruit, one carpel of an Umbelliferous plant, 121. 
Hemitropous (ovule or seed), nearly same as amphitropouSf 123. 
Hepta- (in words of Greek origin), seven; as HeptagynouSf with seven pistils or 

styles. HeptamerouSy its parts in sevens. Uepiandrout^ having seven stamens 
fferbf plant not woody, at least above ground. 
HeriKiceous, of the texture of an herb ; not woody, 39. 
Herbariumy the botanist's arranged collection of dried plants, 186. 
Herborizatiun, 184. 

Hermaphrodite (flower), having stamens and pistils in the same blossom, 81. 
Hesperidiumy orange-fruit, a hard-rinded berry. 
Hetero-f in Greek compounds, means of two or more sorts, as 
HeterocarpouSy bearing fruit of two kinds or shapes. 
Hetei'ogamouSj bearing two or more sorts of flowers in one cluster. 
Heterogony, Heterogone, or HeterogonouSy with stamens and pistil reciprocally of 

two sorts, 116. Heterottyled is same. 
HeteromorphouSf of two or more shapes. 
Heterophyllous J with two sorts of leaves. 
Htterotropous (ovule), the same as amphitropouSf 123. 
Hexa- (in Greek compounds), six; as Hexagonal^ six-angled. Hexagynont, with 

six pistils or styles. Hexameroits, its parts in sixes. Htxandroui^ with six 

stamens. Hexapterous^ six-winged 
Hibemaculumy a winter bud. 
Hiemalf relating to winter. 
Hilary belonging to the hilum. 

Hilumj the scar of the seed ; its place of attachment, 110, 126. 
Hifpocrepiformy horseshoe-shaped. 
Hirsute^ clothed with stiffish or beard-like hairs. 
HirtelloWy minutely hirsute. 

Hi^idy bristly, beset with stiff hairs. HitpiduUmty diminutive of hispid. 
Histology y 9. 

Hoaryy grayish-white ; see canescenty &c. 
Holostriceousy all over sericeous or silky. 
Homo'y in Greek compound^, all alike or of one sort 
HomodromouSy running in one direct icn. 
HomognmotWy a head or cluster with flowers all of one kind. 
HomogeneouSy uniform in nature ; all of one kind. 
Homogoney or HomogonouSy counterpart of Heterogone or Homottyled, 
HomologouSy of same type ; thus petals and sepals are the homologues of leaves. 
Homomallous (leaves, &c.), originating all round an axis, but all bent or curved 

to one side. 
HomorphouSy all of one shape. 

Hom^tropous (embryo), curved with the seed; curved only one way. 
Hoody same as helmet or galea. Hooded, hood-shaped; see cucullate. 
Hooked, same as hamate. 

Homy a spur or some similar appendage. Homy, of the texture of horn* 
HortensiSy pertaining to the garden. 

Hortus Siccus, an herbarium, or collection of dried plants, 201. 
Humifuse, Humistrate, spread over the surface of the ground* 
HvmHiSy low in stature. 



/FynltiK, transpartnl, or partly to. 

Si/Md, a on»8S-breed between two alliod species, 178. 

JjlrfropAjiu, water- planla. 

B^tinai^ see kictnal. 

Bymaiiam oS a Musbroooi, 172. 

Bypanlhium, a bolluw flower- receptacle, such as tbaC of Rose. 

Bypo-, Graek prefis for under, or underneath. 

Bspocolyte, or Bypoeotyl, part of stem below tbe cotvledons, 11. 

ByptxTideT^form, properly ilypocraltrimorphoiu, snlver-shapad. 

Bypogaan, or Hypoffoimt, produced under ground, 19. 

Bnpogynota, inserted under (he pistil, 9G, W. 

Sj/iteranttumi, witb the blosEouis developed earlier tban Uie lesTes. 

Icaiandrous, baWng 20 (or IS or more) stameiu inserted on tbe calyx. 

ImbtTbii, Latin for beardless. 

Jtubricate, /mbrimleil, ImbrKaiice. nverlapping 

on a roof, as tbc bud-scales of Uor<>e-che.itna 

where snnie leaves of tbe calyx or corolla 



tber, like tiles or shinRlea 
ekory, 37. In ffistivaiion, 
rlapped on bolb sides by 



It project beyond anothBr. 



Jmnarginatc, destitute of a rim or border. 

JnnurieJ, growing wholly udder water. 

In^iaTi-pinnnlr, pinnate with a siiiftle leaSet at the apex, 57. 

Imptr/ect Jtincert, wanting either .ilaniens or pietiln, 85. 

/mquilaleTal, anequal-slded. as tbe leaf u( a Begonia. 

/mdk, empty, s..ld of an anther which producci no pollen, & 

la/g^EHdicutate, not appendaged. 

IncrM'ivt. I*c"nr!Cfnt, hoary with soft while puhescenca. 

/neamnie, flenh -colored. 

Jiiciied, cat rather deeply and irreRolarly, 58. 

Jnclwied, enclosed; when the pan in question does 

Tneompltit Floaer, wanting calyx or corolla, 86. 

Inemitattd, Ihii^ened. 

InatioaJ, with tip of one leaf lyinR flat over the base of the neit abore. 

Inannbtiil, leaning or resling upon ; the cotyledons are incnmbent when (h^ 

one of Ihfin lies agalaat the radicle, 138; ths anlhen am iacumbi 

turned or looking inwards. 
Incitrvtd, gradually curving inwards. 

Tndefimie, not nnlform in nnmber, or loo nnmeroos to mention (over 13). 
Ind^nite or IndetermUole Jn/oreicince, 72. 
Jiuiehiicent. not splitting open; i. e. not dehiscent, 119. 
Iniiigtaoiu, native to the country. 
Jadindtiah, ITS. 

Jndununtumj any hairv coating or pubescence, 
/nfiripfiade. with tbe edges turned Inwardn, 97. 
Indapiate, clothed with old and withered parts or injuria, 
Jndiaium, the shield or covering of a fruit-dot of a Feni, im, 
laermil, Latin for unarmed, not prickly. 
Ji^erior, growing bclnw some other organ, 06. 
InftrtiU, not prodncing seed, or pollen, as the case may be. 
Injhitd, turgid and blaildery. 
Jafiexid, bent inwards. 

IiifiortictiKt, the arrangement oC flowers on tbe stem, T3. 
l^rn-axillary, situated beneath tbe axil. 
InfinnSbiJi/brm or /ii/u?irfi4uiar, funnel-shaped, 90. 

Atute (anther), attached by its haJe to tbe very apex of the filament, 101. 
iitnonitHni, a young shoot, or new growth. 

VoHrlion, the place or tlie mode of attachment of an organ to its support, i 
hligtr, entire, not lobcd. Intrgerrimtu, quito entire, not serrato. 

14 
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InUreeUtilar Pauagu or Spaces, 131, 148. 

InUr/oliaceous, between the leaves of a |>air or whorl. 
*" IfUemode, the part of a stem between two nodes, 13. 

Jnterpetiolar^ between petioles. 

Interruptedly pinfMte^ pinnate with small leaflets intermixed with larger* 

Jntine, inner coat of a pollen grain. 

IntrafoUaceous (stipuleSi &c.), placed between the leaf or petiole and the stem. 

IfUrorte, turned or facing inwards ; i. e. towards the axis of the flower, 101. 

Jntruse, as it were poshed inwards. 

Inverted or Inverted, where the apex is in the direction opposite to that of the oigan 
it is compared with. 

Involucel, a partial or small involucre, 76. 

Involucellate, furnished with an involucel. InvolucrcUe, furnished with an involucre. 

InvUucre, a whorl or set of bracts around a flower, umbel, or head, &c., 7i, 75. 

Involute, in vernation, 72; rolled inwards from the edges, 97. 

Irregular Flowert, 86, 91. 

/km, Greek for equal in number. Itomerous, the same number in the successive cir- 
cles or sets. Isottemonoua, the stamens equal in numb^ to the sepals or petals. 

Jointed, separate or separable at one or more places into pieces, 64, &c. 

Jugurn (plural Juga), Liatin for a pair, as of leaflets, — thus Unijugate, of a single 

pair ; Bijugate, of two pairs, &c. 
Julaceus, like a catkin or Julus. 

Keel, a projecting ridge on a surface, like the keel of a boat; the two anterior 

petals of a papilionaceous corolla, 92. 
Keeled, furnished with a keel or sharp longitudinal ridge. 
Kermesine, Carmine-red. 
Kemelof the ovule and seed, 110. 
Key, or Key-fruit, a Samara, 122. 
Kidney-shaped, resembling the outline of a kidney, 53. 

Labellum, the odd petal in the Orchis Family. 

Labiate^ same as bilabiate or two-lipped, 92. 

Labiatiflorout, having flowers with bilabiate corolla. 

Labium (plural, Labia), Latin for lip. 

Lacerate, with margin appearing as if torn. 

Laciniate, slashed ; cut into deep narrow lobes or LadnioB. 

Lactescent, producing milky juice, as does the Milkweed, &c. 

Lacteus, Latin for milk-white. 

Lacunose, full of holes or gaps. 

Lacustrine, belonging to lakes. 

Lasvigate, smooth as if polished. Latin, Lcevis, smooth, as opposed to rongh. 

Lageniform, gourd-shaped. 

Lagopous, Latin, hare-footed ; densely clothed with long soft hairs. 

Lamellar or Lamellate, consisting of flat plates. Lamella. 

Lamina, a plate or blade, the blade of a leaf, &c., 49. 

Lanate, Lanose, woolly; clothed with long and soft entangled hairs. 

Lanceolate^ lance-shaped, 52. 

Lanuginous^ cottony or woolly. 

Latent buds, concealed or undeveloped buds, 30. 

Lateral, belonging to the side. 

liatex, the milky juice, &c., of plants, 135. 

Lax (Laxus), loose in texture, or sparse; the opposite of crowded. 

Leaf, 49. Leaf-buds, 31. 

Leaflet, one of the divisions or blades of a compound leaf, 57. 

Leaf-Uke, same asfoliaceous. 

Leathery, of about the consistence of leather ; coriaceous. 



GLOSSARY AND INDEX. 211 

Legume, a simple pod which dehisces in two pieces, like that of the Pea, 123. 

LeguminouSy belonging to legumes, or to the Leguminous Family. 

LentictUary lens-shaped ; i. e. flattish and convex on both sides 

LappaceouSy bur-like. 

LoMOy Greek for woolly or hairy, as LtuiarUhuSf woolly-flowered. 

Lateritiotu, brick-colored. 
' Latidferous, containing latex, 138. 

Latuiy Liatin for broad, as LatifoUuSy broad-leaved. 

Leaf-tcaVy Leaf stalky petiole. 

Lenticelsy lenticular dots on young bark. 

Lentiginosey as if freckled. 

Lepaly a made-up word for a staminode. 

Lepisy Greek for a scale, whence LepidotCy leprous; covered with scurfy scales. 

LeptoSy Greek for slender; so LeptophyllottSy slender-leaved. 

LeukoSy Greek for white; whence LeucanthouSy white-flowered, &c. 

Liber, the inner bark of Exogenous stems, 140. 

Lidy see (^erculum. 

LignecuSy or Lignosey woody in texture. 

Ligulatey furnished with a ligule, 93. 

Liguhy Liguloy the strap-shaped corolla in many Composits, 93 ; the membranous 
appendage at the summit of the leaf-sheaths of most Grasses, 57. 

Limby the border of a corolla, &;c., 89. 

Limbatey bordered (Latin, LimbuSy a border). 

Liney the twelfth of an inch ; or French lines, the tenth. 

Linear, narrow and flat, the margins parallel, 52. 

Lineatey marked with parallel lines. Lineolatey marked with minute lines. 

Lingulatey Linguiformy tongue-shaped. 

Lipy the principal lobes of a bilabiate corolla or calyx, 92. 

Literal or Littoraly belonging to the shore. 

Lividy pale lead-colored. 

Lobe^ any projection or division (especially a rounded one) of a leaf, &;c. 

Lobed or Lobate, cut into lobes, 55, 56; LobulatCy into small lobes. 

Locellatc, having Locelli, i. e. compartments in a cell : thus an anther-cell is often 
bilocellate. 

Loculamenty same as loculus. 

Loculavy relating to the cell or compartment {Loculus) of an ovary, &;c. 

Loculicidal (dehiscence), splitting down through the back of each cell, 123. 

Locusta, a name for the spikelet of Grasses. 

Lodicuhy one of the scales answering to perianth-leaves in Grass-flowers. 

Lomenty a pod which separates transversely into joints, 122. 

LomentaceouSy pertaining to or resembling a loment. 

Loratey thong-shaped. 

Lunntey crescent-shaped. Lunidatey diminutive of lunate, 

Lupuliney like liops. c^ 

LusuSy Latin for a sport or abnormal variation. 

LuteduSy yellowish ; diminutive of 

Luteus^ Latin for yellow. Lutescenty verging to yellow. 

LyratCy lyre-shaped ; a pinnatifid leaf of an obovate or spatulate outline, the end- 
lobe large and roundish, and the lower lobes small, as in flg. 149. 

Macros, Greek for long, sometimes also used for large ; thus MacrcphyllouSj long> 

or large-leaved, &c. 
Macrosporey the large kind of spore, when there are two kinds, 160, 161. 
MaculatBy spotted or blotched. 

Male (flowers or plants), having stamens but no pistiL 
Mammose, breast-shaped. 
Marcescent, withering without falling off. 
Margined, belonging to margin. 
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Margimatej mnrfpned with an edge different from the rest 

Marginicidal dthUcencty 123. 

Maritimfff beiongins^ to sea^coasts. 

Marmorate^ marbled. 

Mdt.f AIa»e»f Masculine^ male. 

Matktdf see penonate. 

Mealy ^ fi^e farinaceous, 

Sfedinn, Medial^ belougiug to the middle. 

Medifixedy attached b}' the middle. 

Medullary, belonging to or of the nature of, pith (MeduUa); pithjr* 

Medullary Roys, the silver-grain of wood, 140, 141. 

Medullary Sheath^ a set of ducts just around the pith, 140. 

Meiostemonous, having fewer stamens than petals. 

Membranaceous or Membranous^ of the texture of membrane; thin and soft. 

Meniscoid, crescent-nhaped. 

Mericarp. one carpel of the fruit of an Umbelliferous plant, 121. 

Merismaticy separating into parts by the formation of partitions across. 

MtrouSj from the Greek for part ; used with numeral prefix to denote the number of 
pieces in a set or circle : as Monomerous, of only one, Dimerous, with two^ 7Vv 
merousy with three parts (sepals, petals, stamens, &c.) in each circle. 

Mesocarpf the middle part of a pericarp, when that is distinguishable into three 
layers, 120. 

Mesophlaum, the middle or green bark. 

Micropylty the closed orifice of the seed, 110, 126. 

Microspore^ the smaller kind of spore when there are two kinds,^ 161. 

Midrib, the middle or main rib of a leaf, 50. 

Milk-vessels, 138. 

Miniate, vermilion-colored. 

Mitrifonn^ mitre-shaped: in the form of a peaked cap, or one cleft at the top. 

Moniliform, necklace-shaped; a cylindrical body contracted at intervab. 

Mitnocarptc (duration), flowering and seeding but once, 38. 

Monochlamydeous, having only one floral envelope. 

Monocotyledonous (embryo), with only one cotyledon, 24. 

Monocofyledonous Plants, 24. Monocotyls, 24. 

Monascious, or Monoicous (flower), having stamens or pistils only, 85. 

Monogynous (flower), haying only one pistil, or one style, 106. 

Monopetalous (flower), with the corolla of one piece, 89. 

Monophyllous, one-leaved, or of one piece. 

Monos, Greek for solitary or only one ; thus Monadelphous, stamens united by their 
filaments into one set, 99 ; Monandrous (flower), having only one stamen, 100. 

Monosepalous, a calyx of one piece; i. e. with the sepals united into one body. 

MonoRpermous, one-seeded. 

Monstrosity, an unnatural devintion from the usual structure or form. 

Moi'phology, Morphologicil Botany, 9; the department of botany whidi treats of 
the forms which an organ may assume. 

Moschate, Musk-like in odor. 

Movements, 149. 

Mucronate, tipped with an abrupt short point (Mucro), 54. 

Mucronulate, tipped with a minute abrupt point; a diminutive of the last. 

Multi-, in composition, many; as Multangular, many-angled; MulticipitaJ, many- 
headed, &c.; Multifarious, in many rows or ranks; Multifid, many-deft; Mul- 
tUocular, many-celled; Multiserial, in many rows. 

Multiple Fruits, 118, 124. 

Muricate, beset with short and hard or prickly points. 

Muriform, wall-like; resembling cgurses of bricks in a wall. 

Muticous, pointless, blunt, unarmed. 

Mycelium, the spawn of Fungi; i. e. the filaments from which Mushrooms, &C., 
originate, 172. 
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tfattd, wuling mme luual eoveriag, u MChlamj-deDiu fl 
eeedi, ll», 125, &c. 

Xainei ill bolany, ITU. 

JVnani, LbCiu for dwwf 

Jfnpifurm, lumip-'Impeo, 35. 

Natural Syifm, 183. 

Naluraliitd. iniruiluuul fmm a foreign country, and flnDrlsMng wild. 

tf.niEulaj; lju>l->-hKped, liks llu: giuuieE uf tnosi UmoEes. 

Neddaet-tlieptd, limkiiig like » airing af bca<it ; see moril'fornt. 

Xiclar, tbe awe«t wcrelion in flowera from wliicli Iwee nakc honev, Sic. 

JfeelarifcToiu, honej-lieariiig; or liat'ing a nectary. 

ycctary, the old name for petals and otber paru of Iht flower when of unuiual 
shape, etpeciilly when hODer-bcaring. So Ihe hnllow spur^haped petals of 
Columbine wertj called iiectarlesj alio ttiecurioui long-cliwed petale of Monks- 
hood, ST, &c. 

Ifttdlr-ihaptd, long, slender, and rigid, like the leavei of Pines. 

Ifrmaroie or !femaiiil, iahabiling groves. 

NtTve, a name for the ribs or veins o( leaves when iimple and parallel, 60. 

NtTvid, fumialied with nerves, or simple anrt parallel ribs or veins, 50. 

JVfrcoK, csiDspicuoualy ueired. Mtrraloie, uiiniilelv iiervose. 

JVeU«f-Mi<i«f, furnished with branching vein* forming nvlivork, GO, Gl 

JVeiiter, Nt«lral, aexless. N^almljlomtr, TH. 

Nigir, Latin for black. Ifiyriaua. Latin for verging lo black. 

Sitid, sbioing. 

Smal, living in or near snow. NintHs. snnw-wbile. 

Naddmg, beading so that lbs summit Langs dowiiivira. 
_ Awle, a knot; the "jointa" of a aleiii, or th(> part whence a Jcaf or a pair ol leaves 
siwingB, 13. 

NoSeu, knotty or knol)br. Nodulou, fumiabed with little knobs or knots. 

Kimenclatare, 1T5, ITS. 

Normal, according to rule, natural. 

Noteie, marked with spots or lines of a difFerent color. 

NueMmentateoua, relating to or resembling a small nut. 

Niti^vna, nnt-Fhapcd or nut-like. 

Nucltai, the kernel of an ovule (110) or seed <12T) of a cell. 

Nueulr, same an nutlet. 

Nadt, {Latin, ffudiu), naked. So Ifadicaulii, naked-ateinined, &c. 

Nut, Latin Nor, a liard, mostlj' one^eedcd indehiacent fruit; aa a clieetnul, butter- 
nut, acnm, lai. 

ffataat, noilding. 

^HlHa little nut; or the atone of a drnpe. 

Ot- (meaning over againtll, when preflited to words signifies Inversion; as, Ob- 
cnmprttml, flattened the opposite of the usual way; Obcordale. hearl.«hBped, 
with the broad and notched end al tlie apex instead of the base, [14; OUanci- 
ebte, lance-shaped with tlie tapering point downwards, d3. 

Obliqu», applied lo leaves. &c., means unequal-sid^d. 

OtlMg, (torn two to four times as long as broad, GS. 

Oiotale, inverselv ovate, the broad end upward, 53. OiocoiJ, suliJ obovate. 

UMiUt, blunt or ^iind at the end, 54. 



OtvoluU (in the bud), wl 

Oatllatt, with ■ ciiTUiar c 
Oelrolsuraui, yellowish -w 
Oereaie, furnished with Oerta (line 
Octa-, Latin lor eight, enters into I 
or rtyles; OrfamertniJ, it* parts 



if one piece or leal alternatetf overlap 



^d patch, like an eye. 



I, or stipules in the form of sheaths, ST. 

! composition of Oclnnyrumt. with eight pistils 

L eights; Octandrout, with eight itamens, &g- 
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OctUate, with eye-«haped marking. 

Officinale used in medicine, therefore kept in the Aiope. 

Offsetf short branches next the ground which take root, 40. 

Oides^ termination, from the Greek, to denote likeness; so DiatUhoides, Pink4ike. 

OleraceoWf esculent, as a pot-herb. 

OUffogy Greek for few ; thus OliganthouSy few-flowered, &c. 

OUvaceouSf olive-green. 

Oophoridium, a name for spore^iase containing macrospores. 

Opaque J applied to a surface, means dull, not shining. 

Operculattj furnished with a lid (Operculum), as the spore-case of Mosses, 163. 

Oppotite, said of leaves and branches when on opposite sides of the stem from each 

other (i. e. in pairs), 29, 68. Stamens are opposite the petals, &c., when they 

stand before them. 
Oppotitifolius, situated opposite a leaf. 
Orbicular, Orbiculate, circular in outline, or nearly so, 52. 
Order, group below class, 178. Ordinal names, 180. 
Organ, any member of the plants as a leaf, a stamen, &c. 
Organography, study of organs, 9. Organogenem, that of the development of 

organs. 
Orgytilis, of the height of a man. 
OrtftKS, Greek for straight; thus, Orthocarpous, with straight fruit; Ortkastichout, 

straight-ranked. 
Orthotropous (ovule or seed), 111. 
Osseous, of a bony texture. 

Outgrowths, growtlis from the surface of a leaf, petal, &c. 
Oval, broadly elliptical, 52. 

Ovary, that part of the pistil containing the ovules or future seeds, 14, 80, 105. 
Ovate, shaped like an egg, with the broader end downwards; or, in plain surfaces, 

such as leaves, like the section of an egg lengthwise, 52. 
Ovoid, ovate or oval in a solid form. 

Ovule, the body which is destined to become a seed, 14, 80, 105, 110. 
Ovuli/erous, ovule-bearing. 

Palate, a projection of the lower lip of a labiate corolla into the throat, as in Snap- 
dragon, &c. 

Falen (plural pnlece). chaff; the inner husks of Grasses; the chaff or bracts on the 
receptacle of many Composite, as Coreopsis, and Sunflower. 

Paleaceous, furnished with chaff, or chaffy in texture. 

Paleolate, having PaleoUe or palese of a second order, or narrow palete. 

Palet, English term for palea. 

Palmate, when leaflets or the divisions of a leaf all spread from the apex of the 
petiole, like the hand with the outspread fingers, 57, 58. 

Palmately (veined, lobed, &c.), in a palmate manner, 51, 56. 

Palmatijid, -lobed, -sect, palmately cleft, or lobed, or divided. 

Paludose, inhabiting marshes. PalustHne, same. 

Pandurifoi'm, or Pandurate, fiddle-shaped (which see). 

Panicle, an open and branched cluster, 81. 

Panicled, Paniculate, arranged in panicles, or like a panicle. 

Pannose, covered with a felt of woolly hairs. 

Papery, of about the consistence of letter-paper. 

Papilionnceous, butterfly-shaped ; applied to such a corolla as that of the Pea, 91. 

Papilla (plural papillce), little nipple-shaped protuberances. 

Papillate, Papillose, covered with papillsp. 

Pappus, thistle-down. The down crowning the achenium of the Thistle, Groundsel, 
&c., and whatever in Composite answers to calyx, whether hairs, teeth, or 
scales. 121. 

Papyraceous, like parchment in texture. 

ParaUtl-vtintd or neroed (leaves), 50. 



Paraphi/ia, Jototed flliments mixei] with the antheridia of Mdrivh. 

Paratilk, living ae a parasilt, i. e. on anolher ]>liint or BDimal, 31. 

ParcnchemglauM, composed of parenchymn. 

Parescltipna, wft cellular tissue of plauls, lilce the green pnlp of leives, 133. 

Parietal (placenlffi, &«.). allached !o the walls (/wi-ifei) of the ovary. 

PuTipimvitef piuoatc witti an even number of leaflets. 

Parted, Beparated or cleft into parts almost to the haae, 55. 

Partkenuginesis, producing seeii without fcrtiliiatiun. 

Farlvd inmlucre, same as an invatucel; partial prtiolt, a dlviaion of ■ main laat- 

stalk or the stalk of a leaflet; partial ptdvacle, a branch of a pedands,' par- 

tial umbel, an umbellet, TO. 
Partition, a segment of a parted leaf; or an inlemal wall in an ovaiy, anther, &c. 
PateUiform, disk-shaped, like thepatella oi kneeoaii. 
Patent, iptcaditig, open. Putatoai, moderately spreading. 
Paaci-, in compositlDn, few; tn paaci^rout, few-flowcrad, &c. 
Pear-ahaped, solid obovate, the shape of a pear. 
Ptelinate, pinnatiSd or piiiiiatelj divided into narrow and cloaa diviaioiiB, like the 

teeth Df ■ oomb. 
Pedale, like a bird's foot; palmate or palmately deft, with the side divisions agaia 

cleft, ai in Tioli pedata, &c. 
Fedicti, the stalk of i«c)i particular flower of a cluster, 73. 
PtdicttlaU, PediccUed, borne on a pedicel. 
PtdaltM, \Min for a foot high or lonR. 

Pedande, a flower-staik, whether oE a single flower or of a flower-cluster, T3. 
Ptdunded, Pedunatiate, funtiahetl with a peduncle. 
PtloriOj an abnannal return to regularity atid Bviiimetry in in irregular flower; oom- 

monest in Snapdragon. 
Peltntt, ehield^baped ; said of a leaf, whatever its shape, when the petiole is at- 
tached to the lower side, somewhere within the margin, 53. 
Prlaform, baein-shaped. 

Petldeat, hanging. Fendatoul, somewliat hanging ot drooping. 
PeaidUate, PemrilUform. tipped with a tuft of hoe hairs, like a painter's pencil ; aj 

the stigmas of some Grasses. 
Peiutate, same as pinnate. Penninerved and Peanieeined, pinnately veined, h\. 
P(nbi-(m words of Greek composition), five; as Pentadetphaut, 99; Pentagipioaa, 

with five pistils or styles; Peatamenma, with Its parta in fiveti, or on the plan of 

five; Ptntandrout, having five stamens, 112; PeataOicluna., in five ranks, &c. 
Ptpo, a fruit like the Melon and Cucumber, IIS. 
Ptrennial, lasting from year to year, 33. 
Peifecl {flower), having both stamens and pistils, SI. 
Ptrfiiuxu, passing through the leaf, in appearance, 60. 
PerfiTate, pierced with holes, or with transparent dots resflmbling holes, as an 

Orange-loaf. 
Peri-, Greek tor around ; from whicli are Fucb terms as 
PttriaMh, the leave* of the flower collectively, 79. 
Pericarp, Che ripened ovary; the walla of the frnit, 117. 
PtriaaTjac, belonging to the pericarp. 
Pcri^oniufn, Ptrigtmt, same as perinnlh. 
Ptrigynium, bodies aroutid the pistil; applied to the closed cap or bottle-shaped 

body (of bracts) which encloses the ovary of Sedges, and to the brlstJei, little 

scales, &c., of the flower* of some other Cyperaceie. 
Pen'^tiDUi, the petals and nCatnens home on the calys, 95, 99. 
PtripkeTic, around the outside, or periphery, of any organ. 
Ftri^frm, a name for the albumen of e eeed. 
Ptriitome, the fringe of teeth to the epore-caae of Mossen, 1S3. 
PtrAtnt, remaning beyond the period when such parta commyty fall, u tba 

leavea of evergreens, and the calyx of such flowen as persist during the growth 
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Ftrtonntt, masked; a bilabiaU corolla with ipalale in the throat, 9S. 
PertHte, pertoralcd with a hole oi slit. 
PeivUile, haviog scales [Perala), soch as hud-scales. 

Pel, pedit, Latin (oc the foot or support, whence Long^et, long-nalked, &C. 
Pttal, a leaf of tbe corolla, U, 79. 
Pelalody, mctamorpliosb of etamenis &c., into petals. 
Prtaiuid, Petaliiu. petal-like; rEsembliog or colored like peUli. 
Pttiolt. a footttalk of s liiaf ; a leaf stalk, 49. 
PeliiiUd, Peliolate, fumiBbed with a petiole. 
Ptliululale, Mid of a leaflet wbeii rained on its own partial leo&talk. 
Pilraat, Latin for erowing on rocks. 
PhalaKc, phalani/ri, bundles of stamens. 
~ Phienaganiotit, or Fiamniganuxu. plants bearing Bowers and pTodadng; • 

same as Flowering Plants. Phanogami, Phanfrogami, 10. 
Pklaani, Greek name for bark, whence Eadifiklaam, inner bark, &c. 
Phanictimi, deep red verging to scarlet. 
Phycalogy, tbe bolM)' of Aigie. 

PhyUocladia, brancbes assuming tbe form and function of leaves, 
Phtjllndiam (plural, phylludin), a leaf where the aeeining blade is ■ dibited petiole, 

t» in New Holland Acacius, 81. 
PhyllomB, foliar parts, those answering to leaves in their nature. 
Phj/llon (plural, jiAjrfii), Greek for leaf and leaves; used in many compound lemii 

PhsllutaxU. or PhyUolaxy, the arrangement of leaves on the stem, 67. 

Pkyiiolagital Bvlamg, S. 

PkytBgrnpliy, relates to cbaraclerizing and describing plants. 

Phgiua, or PtyUmer, a name used to desigoale the pieces which bj' their lepetiliDD 

make up ■ plant, theoretically, viz. a joint ntsleniwith its leaf or pair of leavetr 
Pileut of a muiihrooni, 172. 

IHIiftroui, bearing a slender bristle or hair (piiuni), or beset with bahs. 
Pilaie, hairy; clothed with soft slender hairs. 

Pinmt, s priraaiy diviaiun with its leaSels of a bipinnate or tripinnale leaf. 
Pimule, a secondary division of a bipinnate or tripinnau leaf, 68. 
Pinnate (leaf), when leaflets are arranged along the sides of a common petiole, GT. 
Pimmlefy iobed, elefl, parted, divided, reined. 66. 

Pinnatijid, Pinnatitect, Fame as pinnalely clelt and pinnatelj parted, SB. 
Piafarm, pea-shaped. 

FiHU, the seed-hearing organ of the flower, H, 80. 106. 
Piilillalt, having a pistil, 8S. 

Pi$tillid!u'a, Ihfl body wbicli ill Mosses answers 1o the pistil, 15fl, 16*. 
Pilclier,, 6-t. 

Filh. the collttlar centre of an exogenous stem. 138. 

FlncaUa, Ihe surface or part of the ovary to whl.h the ovules are attached, 197. 
Placenf j/nrm, nearly same a< quoit-^haped. 
Pbsited (in the bud), or Plicate, folded, 7S. 08. 

Plaly-, Greek tor broad, in compounds, such as Platypkyllovi, broad-leaved, &c. 
Pltio; Greek for full or aboundlog, used in compounds, such as Pleiopilalmi, of 

many petals, ic. 
Plumiau, lead-colored. 
PfumoM, feathery; when any slender body (such as a bristle of a pappus or a style) 

isheset with' hairs along its sides, like the plume of a feather. 
' Piumuie, the bud or first shoot of a germinating plantlet above the cotyledons, 13 
Pfiirt'., in compoBition, many or several; as Plvri/oliolate, with several leafleta. 
Pod. speciallv a legume, 122; also may be applied lo any sort of capsule. 
Podiura, a footstalk or stipe, used only in Greek compounds, as {^.uffixed) Lipla- 

podus, sieq^er-elalked, or (prefixed) PodotrphilM, with a stalked head, and 

ious compounds. 
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Poinllai, dMtltnte of any pointed tip, such as a fnuero, aicn, aeumit 

Pollen, Ibe fertilizing powiler coatsined in the anther, 14, BU, 103- 

Pollen-groiBth, H7. FolUtiiftroui, pollen-beariug. 

Pallen-maa, Poltmmm, tbe united mias of pollen, 101, as in Milkwi 

Pi^icnrit, IdCln fur an ineb long. 

PoUimition, the applieatfon of pollen to the stigma, 114. 

Poly-, in corapoitud words of Greek origin, eame as mnili- in those of Latin oi 

PolsadelphotU] stamens nniled hy their filaments into sei-crBl bnndles, 

Folyn^rout, with numerous stamens (inserted on ths receptacle), 100 

Pol^carpic, term naed bj- DeCandoIle in the sense of perennial. 

Polgcottiledmoui, having many (more than two) cotyledons, as Pines, 

Poli/gamoui, having some perfect and some unisexual flowers, Bfl. 

PtHsyonai, many-angled. 

Pol'J!iymnu, with many pistils or styles, 108. 

PolytntToai, formed of many parts of each seL 

Pnl amorphous, of several or varj-ing forms. 

Poiypelaloat, when the petals are distinct or separata (whether fev or many), 9 

PitlUphsllout, many-leaved; lormed of several distinct pieces. 

Polytepalout, same as the last when applied to thu calyx. 69. 

Puli/apermoui, many-seeded. 

Pome, Che apple, pear, and similar fleshy fruits, 119. 

Potni/eroui, pome-hearing. 

Forred, outslrelohed. 

Pailerior side or portion of a (lower (when axillary) is tbat toward the axla, H. 

Pouch, the siliole or short pnd, as of Shepherd's Purse, 193. 

Pracocioiu (l^tin, pracia), unusually early in development. 

Prafloratioiiy same as aativalitm, 97. 

Pra/oUalioa, same as rtraalion, 71. 

Pmmorie, ending abruptly, as if bitten off. 

Praftmii, LM'in for growing in meadows. 

Prictie!, sharp elevations of the bark, coming off jrith it, as of the Kose. 

Frickly, bearing prickles, or sharp projections like them. 

Fnmine, the outer coat of the covering of the ovule, 110. 

PriinBrdial, earliest formed; primordial leaves are tbe first after Che eotyledaila> 

Pi-iatnaiic, prism-shaped; having three or moie^mgles hounding flat sides. 

Proceniiu, tall, nr tall and slim. 

Procaa, any projection from the surface or edge of a body. 

Procumbitil, trailing nil the ground, 39. 

FtvcumrUj running through but not projectiag. 

Ftoduced, extended or projecting; tlie upper sepal of a larkspur is produced above 

into a spur. ST. 
Froli/troaa (literally, hearing offspring), where a new branc:h rises from an older 

Fnipaciiium ur Fn^gulun, a shoot for propagation. 

ProKndiyma, a tieaac of wood-cells. 

Protlratt, lying Sat un tbe ground, 39. 

Prolaodroui or Prottrandi-oui, the anthers (irat maturing, 118. 

ProteraiMoui, flowering before leaflag. 

Prottrogyiioui or Protngynous, the stigmas first to mature, 118. 

Protkaaiam or Protkallui. 160. 

Pmtoplam. the soft nitrogenous lining or contents, or living part, o( cells, IfS, 

Prolos, Qreek for lirst; in various contpounda. 

Fminoit, Fruiaate, IVosted: covered with a powder like hoar-frost. 

Fuudo-, Greek for false. Fieudo-balt, the aerial corms of epiphytic Orohids, &a, 

Fsitei, Qreek for bare or naked, used in many oompuunds. 

Fleriikiphsta, Pterldaphytei, 16S. 

Fteru, Qreetc for wing, oud general name for Fern, enters into n 
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/■uifiWeM, oovend with flns *ai1 sbort or ilmoat impercflpllble dov 

Ptttactat, tuiiry or downy, eipeaiillj with fine niid soft bnirB or pvbticeHet, 

Pvltwmlinl ot Fiilveractoiii, si if dialed with 6at powdar. 

Piilvi*att, cuihionad, or sbaped like a cushion. 

P^nitm, low or little. 

PuiKtatt, dotltd, either irilh minute holes or what look as aiieh. 

I'vKtiaUate, minutelj paoctate. 

Vangint, prickly-lipped. 

J-uniceou, cannine.red. 

Purpunui, originally red or crimion, more used for duller or btuiab-red. 



PiuiUui, 1 



I, dny. 



Pvtamin, the slone uf a drups, ot the ahelt uf a out, 12Q. 

PyjrnuHW. Latin Cor dwarT. 

Pjiraiaidal. abiped likea pynunid. 

f yrene, Pyrina, ■ seed-like nutlet or stone of a email drape. 

yyrj/*orin, pesr-ahaped. 

t'y/jidate, fumlahed with a lid. 

fyni, Pyaidbiti, ■ pod opening round horizontally by a lid, 124. 

ii\tviri-i In words of Latin origin, (our i aa Qnadraigulnr, tour-angledi QModrt- 
Jbliate, four-learedi Quadri^d, tour^:Ieft. Quatemate in fours. 

Qalnate, in 6vw. Quinjae, Are, 

QiMBuiuiia!, in a quincunx; when the parts in eslivntion are Sve, two of them 
outside, two inaide, and one half out and half in. 

^iinlttple, live-fold. 

Hact, a marked variety which may be perpetuated from seed, 17a. 

Jiaccmt, a flDwer.cluster, with one-flowered pedicela aTrangsd ■loog'tbs sldei of ■ 
general peduncle, T3. 

/taeemmi, bearing racemos, or raceme-lika. 

Bach!!, aee rhachit. 

Radial, bt'lonKing to the ray. 

Rtflinlt, or Ruilinnl, furnished with ray.flovera, St. 

Badiaie-vtiaed, 63. 
■ Radical, belonging tn tbe root, or apparently coming from the root. 

RaiieaM, rooting, taking root on or above tbe ground. 

Radical, little roots or rootlets. 

Radicle, tba stem part of the embryo, the lower end of which forms tbe root, 11, IZT- 

Raneiil, belonging to a branch. JCamost, full of branches (ruTRi'). 

Rameniaceaia, beset with thin chofly scales (Ramtnlaj, at tbe etalka of maa^ Fenu, 

Raii^calvHi, bratKhing, 37. 

AamuIoM, full of bmnublets {ramuti). 

Rapht, see rkapht. 

Ray, parts diverging from a centre, the marginal flowers of a head (as of Coreopaia, 
fli), nr cluster, as of Hydrangsa (78), when different from the rest, especially 
when llgnlate and diverging (lilie rays or sunbeams); alno Ibe branches of an 

Rny-Jbaen, 84. 

RecrplacU, the axis or support of a flower, 81, 113; alau Iha cuuimon axis or sup- 
port of a head of flowera, 7-3. 
Reclintd, turned or curved downwards; nearly recumbent. 

Recarved, curved outwarda or backwarda. 

Rfduplicate (in leslivation), valvate with the marglna turned outwards, 97. 

Rtfitmd, bent cntwarda or backwarda. 

Refracled, bent suddenlv, so as to appear broken at the band. 

Rfj/ular, all the parta similar in ahape, S2. 

Rtni/orm, kiduey-shaped, 63. 
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Sepand, WBTy-margliied, BE. 

Rtpent, creeping, i. e. proatrale and moling unflemeath. 

Rtplum, tbc frame of sooie podi (u of Prickly Poppy uid Crew), persieteut a 



Ualtd, tl 



tsfon 



I, in nEtwork. 



Retrofiexed, beat backWHrds; same as refexed. 

Retiue, blunted; tile ipes. not only ebtnae but soniewhal Indeni 

Secolute, rolled backwarda, as the margins of many leaves, 72 

RhadtU (the backbone), the axis of n spike c 

Jikaphe, the continuation of tbe iieed-stalk a! 

seed, 1]2, 136. 
Jthaphidei, CTTStsIa, eapecially needle-shaped oues, in tbe tissues of plants, 137 
Rhunnthoui, Covering from the root. 
Skiamn, Rhiamt, a rootetock, 43-44. 

Shombic, iu tbe shape of a rhomb. RhonAndat, approaching thai shape. 
SUi, tbe principal piere, or one of the principal pieces of the froniework of ■ 

or any similar elevated line along ■ body, 49, 60. 
Atnoie, having chinks or cnicks. 
Sing, an elastic band on the spore-esses of Felna, IBS. 
Atn^ent, grinning; Raping open, B3. 
Siparimu, on river-banks. 

SiTatii, Latin for growing along brooks ; or Riivlar' 
Root, 33. 
Root-hairi, Si. 

BoBtktt, small rools, or root-brancliee, 83. 

Rnotitoci, root-tike trunks or portiooe of steins on or under ground, 4B. 
Roridut, dewy. 
Rmaetout, arranged like the petals of o rose. 
Rotttllatt, bearinR a small beak {Roitelbim). 
Rmtrnte, bearing a beak {Ritlrum) or ■ prolonged appendage. 
Rotulate, In a roaette or cluster of spreading leaves. 
Rotate, wheel-shaped, BS. 
Rottind, rounded or roundish In outline. 

Ruier, Latin for red in general. Rubeicent, Rubicmid, reddish or blushing, 
RadimentnTg. imperfectly developed, or in an early slate of development. 
Rufom; Rufticent, brownisb-red or reddish-brown, 
Rugiut, -wrinkled; roo^ened with wrinkles. 
Ramiaaltd falbnmen), penetrated with inegular channels or porUons, as a nutmeg, 

looking as if chewed. 
Randnalt, coarsely saw-toolhed or cut, the pohited teeth turned towards the bate of 

the leaf, as the leaf of a Dandelion. 
Jbimtr, a slender and proetrate branch, rooting at the at 

Babvloie, growing in sand, 
fine, any closed roenihrane, or 
Sacaiie, sac-shaped. 
Bagitlate, arrowliead-sbaped, B 



3eep parse-shaped oavily. 



s, growi 



Saicer-ihnped, nr Saher-Jbrm, with a border spreading at 

tube, 89. 
Snmaro, a wing-fruit, or hey, 122, 
Samaroid, like a samara or key-fruit 
Bap, the juices of plants generally, 133. Bi^Mood, 149, 
Stiprophyltt, 37. 
Sarcocorp, Che fleshy part of a stone-fruit, 1 SO. 
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Barmentaceous^ SarmerUosef bearing long and flexible twigs {SannefUt)^ either 

spreading or procumbent. 
Saw-tooihedy see ttrrate^ 55. 
ScabrouSf rough or harsh to the touch. 

Scalariform^ with cross -bands, resembling the steps of a ladder, 134t 
ScaleSj of buds, 28 ; of bulbs, &c., 46. 
Scalloped f same as crenate^ 55. 
Scaly f furnished with scales, or scale-like in texture. 
Scandentf climbing, 39. 

Scape, a peduncle rising from the ground or near it, as in many Violets. 
Scapiform, scape-like. 
Scapigeroua, scape-bearing. 
Scar of the seed, 126. Leaf-tears^ 27, 28. 
Scarious or Scariose^ thin, dry, and membranous. 
Scion, a shoot or slip used for grafting. 
Sclerof, Greek for hard, hence SclerocarpotUf hard-fruited. 
Scobiform, resembling sawdust 

Scorpioid or Scorpwidaij curved or clrcinate at the end, 77. 
Scrobiculate, pitted; excavated into shallow pits. 

Scurf ScurJineUj minute scales on the surface of many leaves, as of Gooflefoot. 
Scutate^ Scutiform, buckler-shaped. 

ScutellatCy or Scutelliform, saucer-shaped or platter-shaped. 
SecunJ, one-sided; I. e. where flowers, leaves, &c., are all turned to one side. 
Secundtne, the inner coat of the ovule, 110. 
Seed, 125. Seed-leaves, see cotyledons. Seed-vessel, 127* 
Segment, a subdivision or lobe of any cleft body. 
Segregate, separated from each other. 
Semi', in compound words of Latin origin, half; as 
Semi-adherent, as the calyx or ovary of Purslane; Semicordate, half-heart-shapeai 

Semilunar, like a half-moon; Semiovate, half-ovate, &c. 
Seminal, relating to the seed (Semen). Semini/erotiSf seed-bearing. 
Sempervirent, evergreen. 
Sensitiveness in plants, 149, 152. 
Senary, in sixes. 

Sepal, a leaf or division of the calyx, 14, 79. 
Sepaloid, sepal-like. Sepaline, relating to the sepals. 
Separated Flowers, those having stamens or pistils only, 85. 
Septate, divided by partitions. 
Septenate, with parts in sevens. 

Septicidal, where dehiscence is through the partitions, 123. 
Septifercus, bearing the partition. 

Septifragal, where the valves in dehiscence break away from the partitions, 123. 
Septum (plural septa), a partition or dissepiment. 
Serial, or Seriate, in rows ; as biserial, in two rows, &c. 
Sericeous, silky ; clothed with satiny pubescence. 
Serotinous, late in the season. 

Serrate, the margin cut into teeth (Serratures) pointing forwards, 55. 
Serrulate, same as the last, but with fine teeth. 
Sessile, sitting; without any stalk. 

Sesqui-, Latin for one and a half ; so Sesquipedalis, a foot and a half long. 
Seta, a bristle, or a slender body or appendage resembling a bristle. 
Setaceous, bristle-like. Setiform, bristle-shaped. 
Setigerous, bearing bristles. Setose, beset with bristles or bristly hairs. 
Setula, a diminutive bristle. Setulose, provided with such. 
Sex, six. Sexangular, six-angled. Sexfarious, six-faced. 
Sheath, the base of such leaves as those of Grasses, which are 
Sheathing, wrapped round the stem. 
Shield-shaped, same as scutate, or as peltate, 53. 
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Shrub, SkrtMy, 39. 

Siem-celU, 140. 

Sigmoid, curved in (wo directions, like the Utter S, or the Greek tigma, 

Siliclt, ft poncb, or sbart pod of the CreEs Family, 123. 

BiliqiK. capsule of the Cress Family, 123. 
Biliqaaie, bearing siliques or pods nhich resemble siliquei. 
Silkg, glossy with a coat of lioe and soft, close-pressed, str^ght hairs. 
Eihier-graia, tbe medullary rays of wood, 139. 

Silvery, shining white or bluish-gray, usually from a silky pubesceuce. 
Siv^le, of one piece; opposed to compound. 
Simitrorte, turned to the left. 

Biauate, with margin alternately bowed inwards and oatwards, S5. 
Biaui, a recess or bay; the re-entering angle between two lobes or projection!. 
Sleep o/Planli (so called), IGl. 

Ssuiolh, properly speaking not rongh, but often nsed for glabrous, i. e. not pu- 
bescent. 
Soboli/eraui, bearing shoots (Snbolti) from near the ground. 
Solitary, single; not associated with others. 
Sordid, dull or dirty in hue. 
Sorediate, bearing patches on the surface. 
Soroiit, name of a multiple fruit, like a pine-apple. 
Bonn, a fruitnlot of Ferns, 159. 
Spadiceoui, clicstnot-CDiored. Also spadix-hearing. 
Spadix, a Geshy B|iike of floweis, 75. 
Span, tbe distance between tbe lip of tbe thumb and of little finger outstretched, six 

Bpathaccota, resembling or fumiBhed with a 

Bpathe, a bract which inwrapa Bu inflorescence, 7B. 

SjHiiulale, or Spalhtilile, shaped like a spatula, 63. 

Spedei. 176. 

Specific JVnmf!, 179. 

Speamem, IS*. 

BpeTmaphnre, or Bpermophare, one of the names of the placenta. 

Spermuni, Latin form of Greek word for seed; much used in composition. 

Spim, Latin for spike; hence Spicate, in a spike, Spici/ornt, in shape resembliag a 

Bpike, an inflorescence like a raceme, only tbe flnvere are sessile, 71. 
Bpikelet, a small or a secondary spike; the inflorescence of Gi'asses. 
Spiat, 41, 64. 

Bpindle-ihapfd, tapering to each end, like a radish, 36. 
Spineacent, lipped by or degenerating into a thorn. 

Spiral Veueii or dvett. 13G. 

Spilkamtoai, span-higb. 

Bpora, Greek name tor seed, used in compound words. 

Bporadic, widely dispersed. 

Bporanyivm, a spore-case in Ferns, &c., IBS. 

Spore, a body resulting from the fructification of CryptogamOUs plants, in them 

the analogue of a seed. 
Sport-cate (SpomBjium), 158. 
Bporocarp, 163. 

Sport, a newly appeared varialion, 178. 
SpoTvU, same as a apore, or a small spore. 
SpvmtKtHt, appearing like fmth. 
Spur, any projecting appendage of the flower, looking like a spnr but boDow, as 

that of Urkupur, fig. 139. 
BqttoMttlt, S^tuinote, m Bquamaeacmt. fDraiifaed with acaJai (tipamai\. 
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ir Sgaamt^oit, furnished with llllie ■rslss (Sfuamf/fa, or Bqaamala). 
ihaped like ■ Kak. 
re Bciln, lekves. or &ny appendigea epread widel;^ from the uus o 
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lickly .. 



isy he. 



I, 1*, SO, 105. 



Sqwimloit, diminutive aitquarroit; alightlv squo. 

Staehyi, Greek lur spike. 

BliUk, Iht stem, petiole, peduncle, &c., as the cose i 

fifomcn, 14, 80, 9S. 

Slaminale, fumitbed with stamens, 86. Siamintal, retaling 1o [he atuaeoi, 

StaminodiuM, an abortive siainen, or other b<id,v in place of ■ stamen. 

Standard, tbe upper petal of a papilionaceous eorotla, 92. 

StarcS. 136, 163. 

Slalion, the particular kind of situation in which a plant naturally occurs. 

Stellali, SuUiitar, ■tarry or atar-like; where several similar parts spread oat 

a cuuunuD centr., like a star- 
film, as. StttnUi, diminutive stem. 
Bttmleu, destitute or apparently destitute of stem. 
Blinoi, Greek [or narrow ; hence Slenophsllom, m 
Sttrile, barren ur imperrect. 

Sligna, the part of the pislii which receives the pollen 
Stigtnnlic, or Sligmaime, belonging to the stignu. 
atipt (latin Slipts), the staik of a pistil, &c., when 

lae, and of a Mushroom, ITS. 
Btiptl, a stipule nf a leaflet, aa of the Bean, &c. 
Sibilate, furnished with sllpels, as in the Bean tribe. 
Stipitale, furnished with a stipe. 

Btipulaceoui, belonging to stipules. Siipidate, furnished with stipules. 
Stipalet, the appendages ons each aide of tbo base nf certain leaves, 66. 
Btirpi (plural, itii-pa}, Idtin for race. 
Slock, used for race or source. Also for any root-like base from which the hern 

grows up. 
Stale, or Stolon, a trailing or reclined and rooting shoot, 10. 
BloloKiJeroul, piiiduclng slulona, 

Slonale (Latin Stoma, pliual Slomaia), the breathing-pores of leavei, lU. 
SbMt-fmit, lie. 
SlontgeJeaTici, 62. 

Siromwsous, straw-like, or straw-colored. 
Blrap-ihaped, long, flat, and narrow. 
~' * ' ir SIrialed, marked with slender longitudinal grooves or att^pea. 



iO el a Fern. 



Blri, 









id appressed, stiff or rigid bristles. 



Btrigillase, Slrigoss, beael 

Btrobilacermi, relating to or resembling a 

BtmbiU, a multiple fruit in the form of a cone or head, 13*. 

StTomiuliform, twisted, like a spiral shell. 

Slrophiole, same as Baranclt, 126. Sli-ophiolaie, furnished with a aCrophlols. 

Struma, a wen; a swelling ur protuberance of any organ. 

Strumetf, bearing a ilruma. 

SluBoie, like t"iv. 

Biyle, a sUlk between ovary and Btigina, 1-1, 80, 105. 

Blyliferoai, Stgloie, tearing styles or conspicuous onea 

Blilopodiara, an epigynous dl^, or an enlargement at the base of the ityb, 

iSu^, as a prefix, about, nearly, somewhat; as Subcordate, slightly cordate; Suiisr- 

rote, slightly serrate ; S^xillary, just beneath the axil, &c. 
fluieioM, Suborder, Suifriie, 178, 
Buhtroit, corky or cork-tike in tex: 
Bvbi^te, awl-ihaped; taperin); Irom a broadish or thickiah base to a shaip point. 
fittcdw, as it cut off at lower end. 
Aiiwi^Mit wbeaaovded leaves araeftohcovetai.\i') WAotuBxtaboTb 
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Sacltrt, gboots bum enbterranenn branches, 39. 
Buffmlttcent, slightly Bhrubby or wood}' at the base only. 3B. 
Buffrutieoit, rather more Chan Biiflrutescent, 37, 3B. 
Bulaale, grooved longitudinally with deep furrows. 
Euperior, above, 96; BOmetiiiiea equivalent to posterior, 96. 
fiupemunierarjr Badi, SO, 31. 
EupeTvalule, plaited and coavohite in bad, 97. 
Bapine, lying Sat, with face upward. 
Bupra-axillary, borne alwve the axil, aa some buds, 31. 
Si^ra-dtBompauHd, many limes uompouiided or divided. 
Buraiioae, prDdudng auckera {Sarcali) or shoots resembling them. 
Ba^ieudtd, hanging dawn. Suspended ovulee or seeds haog from the very aummlt 
at the cell which contains tbem. 

Suture, the line of junction of contiguooB parts groK-n together, 106, 

Baardsknpid, applied to narrow leaves, with acute parallel edges, tapering above. 

Byconiian, the Hg-fntit, 124. 

B^lteilriat, growing in ivuoda. 

Bymnelricnl Floieer, similar in the nomber of parts of each set, 32. 

Bynpelatvui, same as gamopetalous. 

Bgmpodt, Sj/aipndium, a stem Gompoeed of a series of superposed branches is eucb 

SynunMerou or Snageatidoui, where stameas are united by their anthers, 100. 

Sj/Hcarpoui (fruit or pistil), composed of several carpels consotidsted into 0D«. 

Bynonya, an equivalent superseded name. 

Bt/mepaloui, same as gamoscpalous, 

Ssilem (artiBclal and natural), 183, IS3. 

BgilemaliB Belnng, the study of plants after llieir kinds, 9. 

Tditneitt, wasting or shrirellmg. 

Taii, any lung and slender prolongation of an organ. 

Taper-jtointed, same as acuminate, M. 

Tap-roel, a root witli a stout tapering body, 33-3JS, 

Ttang, dull yellowish, with a tinge of bruwn. 

Taxonons, tlie part of botany which treats of classification. 

Ttgmen, a name for the inner seed-coat. 

Tendril, a, thread -shaped organ used for climbing, 40. 

Tinle, long and round; same as Cj)!iadrical, only it may taper. 

Tervtiaal, borne at, or belonging to, the eilremity or summit. 

Ttrmmoloiiii treats of technical terms; same as Glaaology, 131. 

r«™o(e. Tei-natdjj, in threes, 

Ttatllatt, in checker-work . 

TeOa, the outer (and usually the harder) coat or shell of the seed, 125. 

Tt»taceoua, tlie color of unglazed pottery. 

reira-(in words of Greek composition), four; as, TetrncoccoM. of four cocci. 

TttradfnaiaoM}, where a flower has six stamens, two shorter than the four, 101, 

Tctragonat, four^angled. Telragynimi, with four pistib or styles, Ttlrami\ 

with its parts or sets in fours. Telramlroia, with four stamens, lOO. 
Tetraiport, a quadruple spore, IBS. 

ThalamafiiToui, with petals and stamens inserted on the torus or lAotoimij. 
ThaUophgUi, Tkallophytei, 16B. 
Thailui, a stratum, in pk^-e of stem and leaves, 165. 
T^eeo, a case; the cells or lobes of the anther. 
Tkieaphort, the stipe of a carpel, 113. 
riom, an indurated pointed branch, 41, 42. 
Thread-ihaped, slender and round or roundish, like a thread. 
Throat, the opening or gorge of a monapel«tous corolla, &c., where the border a 

the tube ioin, and a little below, 39. 
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Thyne or ThyrmUy a compact and pyramidal panicle of cymes or cymules, 79. 

Tomentose, clothed with matted woolly hairs {tomentum). 

Tongue-shaped f long and flat, but tbickish and blunt. 

Toothed^ furnished with teeth or short projections of any sort on the margin; nsed 
especially when these are sharp, like saw-teeth, and do not point forwards, 55. 

Top-thapedf shaped like a top, or a cone with apex downwards. 

ToroMCf Torulou^ knobby; where a cylindrical body is swollen at intervals. 

Torutj the receptacle of the flower, 81, 112. 

TVacAea, a spiral duct. 

Trachys, Greek for rough ; used in compounds, as, Trachytptrmous, rough-seeded. 

Transverse^ across, standing right and left instead of fore and aft 

Tri- (in composition), three; as, 

TriadelphouSf stamens united by their filaments into three bundles, 99. 

TriandrouSf where the flower has three stamens, 112. 

Tribe, 178. 

Trichome, of the nature of hair or pubescence. 

Trichotomotu, three-forked. TricoccotUf of three cocci or roundish carpels. 

Tricolor^ having three colors. Tricoatate, having three ribs. 

Tricuspidate, three-pointed. Tridtntate, three-toothed. 

Triennial^ lasting for three years. 

Trifariousj in three vertical rows; looking three ways. 

Trifd, three-cleft, 56. 

Trifoliate, three-leaved. Trifoliclate, of three leaflets. 

Trifurcate^ three-forked. Trigonous, three-angled, or triangular. 

Trigynous, with three pistils or styles, 116. Ti-ijugate, in three pairs (jugi), 

Trilobed or Trilobate, three-lobed, 55. 

Trilocular, three-celled, as the pistils or pods in flg. 828-330. 

Trimerous, with its parts in threes. Tnmoiphism, 117. Trimorphic or Trimor" 
phous, ill three forms. 

Trinervate, three-nen'ed, or with three slender ribs. 

TricRcious, where there are three sorts of flowers on the same or different individ- 
uals, as in Red Maple. A form of Polygamous. 

Tripartible, separable into three pieces. Tripartite, three-parted, 65. 

Tripetalous, having three petals. 

Tnphyllous, three-leaved; composed of three pieces. 

Tripinnate, thrice pinnate, 69. Tripinnatijid, thrice pinnately cleft, 57. 

Triple-ribbed, THpU-ntrved, &c., where a midrib branches into three, near the base 
of the leaf. 

Triquetrous, sharply three-angled; and especially with the sides concave, like a 
bayonet. 

Tris'erial, or Trisei'iate, in three rows, under each other. 

Tristichous, in three longitudinal or perpendicular ranks. 

Tristigmatic, or Tristigmatose, having three stigmas. 

Trisulcate, three-grooved. 

Triteimate, three times ternate, 59. 

Trivial Name, the specific name. 

Trochlear, pulley-shaped. 

Trumpet-shaped, tubular; enlarged at or towards the summit 

Truncate, as if cut off at the top. 

Trunk, the main stem or general body of a stem or tree. 

Tube (of corolla, &c.), 89. 

Tuber, a thickened portion of a subterranean stem or branch, provided with •yea 
(buds) on the sides, 44. 

Tubercle, a small excrescence. 

Tubercled, or Tuberculate, bearing excrescences or pimples. 

Tubceform, trumpet-shaped. 

Tuberous, resembling a tuber. Tuberiferous, bearing tubers. 

Tubular, hollow and ol an elongated form; hollowed like a pipe, 91. 
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Tubuliflorous, bearing only tubular flowers. 

Tunicate, coated; invested with layers, as an onion, 46. 

Turbinate, top-shaped. 

Turio (plural turiunes), strong young shoots or suckers springing out of the ground ; 

as Asparagus-shoots. 
Twuipshaped, broader than high, abruptly narrowed below, 35. 
Twining, ascending by coiling round a support, 39. 
Type, the ideal pattern, 10. 
Typical, well exemplifying the characteristics of a species, genus, &c. 

UHginose, growing in swamps. 

Uiiibtl, the umbrella-like form of inflorescence, 74. 

Umbellate, in umbels. Umbelliferous, bearing umbels. 

Umbellet (umbellula)^ a secondaiy or partial umbel, 76. 

Umbilicate, depressed in the centre, like the ends of an apple; with a navel. 

Umbonate, bossed; funiished with a low, rounded projection like a boss {umbo)* 

Umbraculiform, umbrella-shaped. 

Unarmed, destitute of spines, prickles, and the like. 

Uncial, an inch (uncia) in length. 

Uncinate, or Uncaie, hook-shaped ; hooked over at the end. 

Undershrub, partially shrubby, or a very low shrub. 

Undulate, or Undate, wavy, or wavy-margined, 55. 

Unequally pinnate, pinnate with an odd number of leaflets, 65. 

UnguicuUite, furnished with a claw {unguit), 91. 

Uni-, in compound words, one; as Unicellular, one-celled. 

Uftiflorous, one-flowered. Unijoliate, one-leaved. 

Unifoliolate, of one leaflet, 59. Unijugate, of one pair. 

Unilabiate, one-lipped. Unilateral, one-sided. 

Unilocular, one-celled. Uniovutate, having only one ovule. 

Uniserial, in one horizontal row. 

Unisexual, having stamens or pistils only, 85. 

Univalved, a pod of only one piece after dehiscence. 

Unsymmetrical Flowers, 86. 

Urceolate, urn-shaped. 

Utricle, a small thin-walled, one-seeded fruit, as of Goosefoot, 121. 

Utricular, like a small bladder. 

Vaginate, sheathed, surrounded by a sheath (vagina). 

Valve^ one of the pieces (or doors) into which a dehiscent pod, or any similar body, 
splits, 122, 123. 

Valvate, Valvular, opening by valves. Valvate, in aestivation, 97. 

Variety, 176. 

Vascular, containing vessels, or consisting of vessels or ducts, 134. 

Vascular Cryptogams, 156. 

Vaulted, arched ; same sls fornicate. 

Vegetable Life, ^c., 128. Vegetable anatomy, 129. 

Vein^, the small ribs or branches of the framework of leaves, &c., 49, 50. 

Veined, Veiny, furnished with evident veins. Veinless, destitute of veini. 

Veinlets, the smaller ramifications of veins, 50. 

Velate. furnished with a veil. 

Velutinous, velvety to the touch. 

Venation, the veining of leaves, &c., 50. 

Venenate, poisonous. 

Venose, veiny; furnished with conspicuous veins. 

Ventral, belonging to that side of a simple pistil, or other organ, which looks to- 
wards the axis or centre of the flower; the opposite of dorsal; as the 

Ventral Suture, 1^^. 

Ventricoset inflated or swelled out on one side. 

15 
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Venulnse^ furnished with reinlets. 

Vermicularf worm-like, sliaped like worms. 

Vernal^ belonging to spring. 

Vernation^ the arrangement of the leaves in the bod, 71. 

Vemicote^ the surface appearing as if varnished. 

Verrucoses warty; beset with little projections like warts. 

Versatile^ attached by one point, so that it may swing to and fro, 101. 

Vertex, same as apex. 

Vertical^ upright, perpendicular to the horizon, lengthwise. 

Verticil, a whorl, 68. Verticillate, whorled, 68. 

Verticillasterf a false whorl, formed of a pair of opposite C3'me8. 

Vesicular, bladdery. 

Vespertine, appearing or expanding at evening. 

Vessels, ducts, &Cm 134. 

Vexillary, Vexillar, relating to the 

VexUlum, the standard of a papilionaceous flower, 92. 

Villose, shaggy with long and soft hairs ( Villosity). 

Vimineous, producing slender twigs, such as those used for wioker-work. 

Vine, in the American use, any trailing or climbing stem; as a Qrape-vine. 

Virescent, Viridescent, greenish ; turning green. 

Virffate, wand-shape; as a long, straight, and slender twig. 

Viscous, Viscid, having a glutinous surface. 

Vitta (plural vittcs), the oil-tubes of the fruit of UmbellifersB. 

Vitelline, yellow, of the hue of yolk of egg. 

Viviparous, sprouting or germinating while attached to the parent plant. 

Voluble, twining ; as the stem of Hops and Beans, 39. 

Volute, rolled up in any way. 

Wavy, the surface or margin alternately convex and concave, 55. 

Waxy, resembling beeswax in texture or appearance. 

Wedge-shaped, broad above, tapering by straight lines to a narrow bate, 53. 

Wheel-shaped, 89. 

Whorl, an arrangement of leaves, &c., in circles around the stem. 

Whorled, arranged in whorls, 68. 

Wing, any membranous expansion. Wings of papilionaceous flowere, 92. 

Winged, furnished with a wing; as the fruit of Ash and Elm, fig. 800, 301. 

Wood, 133, 142. Woody, of the texture or consisting of wood. 

Woody Fibre, or Wood-Cells, 134. 

Woolly, clothed with long and entangled soft hairs. 

Work in plants, 149, 155. 

Xanthos, Greek for yellow, used in compounds ; as Xanthocarpus, yellow-fruited. 

Zygomorphous, said of a flower which can be bisected only in one plane into similar 
halves. 



THE 

BOTANIST'S Microscope. 




This Convenient Instrument, devised and manu- 
factured first for the use of the Students in 

Harvard University, 

has given so great satisfaction there, a:id else- 
where, that we deem it a duty to make it better 
known, and offer it at a price within the reach 
of all Students 



// is attached to a boxj one and a half inches 
high and less than four inches long, into which 
it is neatly folded when not in use. The needles 
are used for dissecting flowers, or other objects, 
too small to be otherwise handled for analysis. 
The lenses magnify about fifteen diameters ; or 
with three lenses, about one^third more. 

A thousand things about forest, field or garden, 
afford objects of intense interest for daily study. 

Prof. ASA GRA Y, of Harvard University, 
our popular American Botanist, says of it : "/ 
do not think anything better can be made for the 
moneys 



Price of Microscope, with two Lenses, - $1 50 

" three " -175 



For Sale by 

AMERICAN BOOK COMPANY 

PUBLISHERS 

NEW YORK, CINCINNATI, CHICAGO 

Publishers of GRAY'S BOTANIES. 



t; 



STANFORD UNIVERSITY LIBRARY 




1/ 



580.2 .Q778g C.I 

The o l o ma n tt of botany for beg 

Stanford UntveraMy Ubrarlea 





3 6105 031 323 962 



/ 



/ 




/ 



